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The 633rd Lecture read before the Royal Aeronautical Society since its 
foundation on January 12th, 1866. 


PROCEEDINGS. 


A meeting of the Royal Aeronautical Society was held in the rooms of the 
Institution of Mechanical Engineers, Storey’s Gate, Westminster, London, S.W.1, 
on Thursday, April 21st, 1938, when John E. Younger, Ph.D., A.F.1.Ae.S. 
(Professor of Mechanical Engineering, University of California) presented a paper 
on ‘* Engineering Aspects of Commercial High Altitude Flying (with Particular 
Reference to Recent Development in the United States).’’ 

Mr. F. Handley Page, C.B.E., F.R.Ae.S. (Vice-President), in the chair. 

The CuamMan: The members of the Society were glad to welcome, in Professor 
Younger, a very distinguished friend from America. It seemed very appropriate 
that the Society should be receiving a ‘‘ mission ’’ from America at the moment 
(the British Air Mission was on its way to America), for it indicated that there 
was a good deal of reciprocity between the two nations; and although the 
mission ’? which the Society was receiving was somewhat less in numbers than 
the mission which was visiting America, no doubt it would be agreed that if the 
quantity of the former were not very great it lacked nothing in quality. 


The career of Professor Younger in aeronautics had commenced during the 
great war, when he had served as a pilot. Later he had trained at the University 
of California, where he had become Professor of Mechanical Engineering and 
had served in that capacity since 1925. From 1927 to 1929 he had served as 
Consulting Engineer to the United States Air Corps in connection with the 
development of metal aircraft structures, and from 1935 to 1936 he had served 
as consultant in regard to high altitude flying. He had written five books and 
had published 34 scientific research papers ; his best known book was that entitled 
‘The Structural Design of Metal Aeroplanes.’’ 

The great advantages of aif travel had been demonstrated again that day by 
Professor Younger, because his boat had arrived at Rotterdam two days late, 
and it was only by flying from Rotterdam to England that morning that he had 
been able to reach London in time to deliver his lecture; but for the availability 
of air travel he could not have reached London in time. 

Professor YOUNGER: Before reading his paper he would like to express his 
appreciation to the Society—-the world’s oldest and most distinguished aero- 
nautical organisation—for having invited him to present it. 

ENGINEERING ASPECTS OF COMMERCIAL HIGH ALTITUDE 
FLYING 
(Wir ParticuLaR REFERENCE TO RECENT DEVELOPMENT IN THE UNITED STATES). 
By Joun E. Youncer, Ph.D., A.F.I.Ae.S., 
Professor of Mechanical Engineering, University of California. 
SUMMARY. 

This paper presents the twenty or more principal problems encountered in the 
designing of aeroplanes for passenger service at altitudes of about 20,000 to 
30,000 feet, together with a discussion of the recent attempts made in the United 
States to solve these problems. Particular attention is given to the design 
features of pressure cabins for maintaining low altitude air pressure at high 
altitudes. 
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High altitude transport aeroplanes designed with pressure cabins for long 
distance passenger service in the sub-stratosphere (20,o00ft. to about 30,o000ft. ) 
are under construction in practically all the major aircraft factories. Two of these 
sub-stratosphere liners, the Boeing Model 307 transport, Fig. 1, and the Douglas 
Model DC-4, Fig. 2, will be flown this summer. The most interesting feature 
of these developments is that they are production jobs, and not entirely experi- 
mental. However, the results of nearly twenty years of research, mostly by the 
Air Corps at Wright Field, culminating in the Air Corps’ Lockheed XC-35 sub- 
stratosphere aeroplane (see Fig. 3) has been available as the basis for commercial 
design. The success of the XC-35, which has been flying regularly for nearly 
a year as a practical passenger aeroplane for service at 30,cooft. altitude, has 
undoubtedly been the impetus to the present commercial design trend. 


Fic. 1. 


The Boeing sub-stratosphere liner. Artist's conception of the 
new four-engined Model 307 transport built for the Pan- 
American Airways. Gross weight 42,ooolbs.; 33 passengers. 
Passenger cabin built as a pressure vessel with a design pressure 
of six pounds per square inch and an operating pressure of 24Ibs. 
per square inch; to operate at 20,o00ft. under 8,000 to 12,000ft. 
conditions in the cabin. Speed at upper level about 250 m.p.h. 


For the purpose of this discussion, the developments of the engineering features 
entering into the design of these sub-stratosphere aeroplanes are divided into 
the following classification of problems :— 

1. Structural problems; such as, type of structure, strength, airtight joints, 
expansion, etc. 

2. Mechanical problems; such as, door and window design, control glands, 
de-icing, de-frosting, etc. 

3. Air flow requlation; control and safety valves, free from noise and possi- 
bility of freezing, etc. 
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4. Physiological; such as, volume and pressure required, pressure fluctuation 
permissible, etc. 

5. Air supply; superchargers, mechanically or turbo-driven. 

6. Fuel supply problems. 


HIsTorRIcAL BACKGROUND. 

The most outstanding developments which make the sub-stratosphere aero- 
plane practical are (1) the development of engine superchargers and (2) the 
development of pressure (supercharged) passenger and crew cabins. Both of 
these developments are credited to the Air Corps, the research involved being 
performed at old McCook Field and new Wright Field. In the early twenties 
numerous high altitude flights using supercharged engines and oxygen masks 
were made; the public will long remember the names of Schoeder, MacReady 
and others in connection with these flights. 


FiG. 2. 
A model of ‘the Douglas DC-4 sub-stratosphere liner. Gross 
weight 6c,ooolbs.; 42 passengers; passenger cabin built as a 
pressure vessel for 1o,oooft. altitude pressure at 18,000ft. 
altitude 


The problem of supercharging an aeroplane cabin in order to maintain low- 
altitude temperature and pressure conditions during high altitude flights was 
first undertaken by the Air Corps at McCook Field in 1920 under the supervision 
of Lieuts. Foulk, Harris and MacReady. An oval steel tank was constructed 
to fit into the fuselage of a U.S. De Havilland, and a wind-driven gear super- 
charger was utilised to provide pressure for the tank. Several flights were made 
during the period 1920-22, and it was established that a pressure cabin was 
feasible if the valve operation, temperature control, visibility, etc., could be 
improved. 

In 1935 the pressure cabin investigations were revived at Wright Field by 
Major Carl F. Greene by initiating and directing the following programme :— 
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(a) Study of previous research, problems to be solved, and feasibility of a pressure 
cabin development programme; ()) laboratory investigation of the problems 
involved as a basis for the specifications of an experimental sub-stratosphere 
aeroplane.* (c) Construction of the experimental aeroplane and further research 
under actual conditions in the sub-stratosphere. 

The project! is now well into the third and last phase. 

The laboratory work was completed in the spring of 1936, and the experi- 
mental aeroplane (Lockheed XC-35) was completed by the Lockheed Company 
in the spring of 1937. The XC-35 was designed on the basis of the Lockheed 
Electra and the Air Corps specifications. Except for the round hermetically 
sealed fuselage, the XC-35 has the general characteristics of the Lockheed 
Electra. The Lockheed Electra was selected as the ‘‘ trial horse ’’ because of 
its moderate size and its success as a transport aeroplane. 

As a whole, the outcome of the XC-35 supercharged cabin project has been 
satisfactory and has proved, at least to the satisfaction of the Air Corps, the 
feasibility of supercharged cabin operation. 


‘ 


E Courtesy of U.S. Army Air Corps. 
Fic. 3. 
Army Air Corps XC-35 sub-stratosphere aeroplane (Lockheed). 
Designed for 10,00oft. conditions at 3c,o0oft. Designed for 
experimental purposes. 


Meanwhile Tanscontinental and Western Air, Inc., with Mr. D. W. Tomlinson 
in charge, was conducting flight tests with the following principal objectives in 
view 


* The complete report on the first two phases is contained in ‘‘ Pressure Cabin Investigations,”’ 
Air Corps Technical Report No. 4220, by the author, as project engineer, and eight 
collaborators, 250 pages. 

+ ‘‘ Supercharging a Pressure Cabin Airplane’’ by Capt. A. H. Johnson, Journal of the 
Aeronautical Sciences, March, 1938. 

t ‘‘ Nearing the Stratosphere’? by D. W. Tomlinson, Journal of the Aeronautical Sciences, 
February, 1938. 
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1. To choose the best method of supercharging to 20,000 feet and above, 
and to equip an engine for rated power operation at 30,000 feet. 

2. To determine the actual increase of speed with altitude as a check against 
theory. 

3- To make extended cross country flights ‘‘ over the weather ’’ to determine 
force and direction of winds and meteorological conditions at the base 
of the stratosphere. 


oe 


There have been other contributions to the science, but the above-mentioned 
research programmes represent about 90 per cent. of the experimental work to 
date on the engineering features of the commercial aspects of the problem. 

Undoubtedly a large amount of research is being done in connection with the 
commercial high altitude aeroplanes under construction which will bring forth 
improvements over the Air Corps design, but the data from these investigations 
are not at present available, and even if available would be of little value until 
proved in actual service. 


Fic. 4. 
Air Corps’ laboratory pressure cabin ‘“‘ set up’”’ to simulate 
temperature and pressure conditions in the sub-stratosphere. 


OxYGEN EQuIPpMENT VERSUS PRESSURE CABINS. 

rhe relative percentages of the gaseous constituents, at any sub-stratosphere 
altitude, of the air remain approximately the same as at sea level. The com- 
pression of the air at any altitude of flight, therefore, to a sea level pressure 
gives the same living conditions with which we are daily familiar. With the 
proper air supply, temperature regulation, and air conditioning, the human body 
is subjected to nothing more than normal conditions. There is nothing mysterious 
about the condition, and the medical or physiological problems involved are not 
different from those concerned with our daily office routine. 

On the other hand, if sea level conditions are not maintained, then the body 
is subjected to an abnormal condition, the effect of which required investigating. 
If the aeroplane cabin interior is subjected to atmospheric pressure at all alti- 
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tudes, oxygen must be added to the air breathed at altitudes of about 18,000 fee: 
and more to sustain life. 

In the design for passenger service, however, the engineer may as well forge: 
about oxygen equipment except as an emergency or a temporary measure, 
because the public will not accept the discomforts of the oxygen treatment. The 
author therefore gives this phase of the problem no further attention except in 
connection with the emergency operation of a pressure cabin aeroplane. 
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Fig. 5. 


RESEARCH ON PRESSURE CABINS BY THE AIR Corps. 
The author presents a summary of this research according to the following 
outline :— 

1. Problems involved requiring at least one satisfactory solution. These 
problems are considered to be fundamental in the design of commercial 
pressure cabin aeroplanes. The degree of success of a pressure cabin 
will depend on the degree of success in the solutions of more than twenty 
fundamental sub-problems. In the Wright Field investigations, at least 
one practical answer was found for each problem. Future developments 
will be in the refinements of these solutions. 

2. Solutions arrived at in the laboratory research which formed the basis for 
the design of the XC-35. 

3. Revision of conclusions arrived at in the laboratory investigations in the 
light of flight test results, together with additional conclusions. 
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Proor TESTs. 


As a final laboratory experiment, a supercharged cabin, after tests on the 
operation of the various accessories, was installed in a refrigerated room and 
connections made to simulate, as nearly as possible, the conditions at 30,000 feet. 
A temperature of — 45°F. could be obtained. While the diminished atmospheric 
pressure could not be simulated for the entire cabin, the mechanisms affected, 
namely, the intake and discharge equipment, could be subjected to a_ partial 
vacuum. Other altitude tests were conducted in a special altitude (de-compres- 
sion) chamber. Figs. 4 and 5 show the experimental pressure cabin in the 
refrigerated room. The essential elements of the pressure cabin are indicated 
by numbers. All these elements were incorporated in the flying article, but of 
course in a much more refined state and more conveniently grouped; in fact the 
XC-35 was an exceptionally well designed and built aeroplane; the Lockheed 
Company deserves great credit for the immediate success of the job. 


TYPE OF STRUCTURE SUITABLE FOR A PRESSURE CABIN. 

The simplest and lightest type of structure is a pressure vessel of the round 
cylindrical type with hemispherical heads. The stresses in the structure in such 
a vessel are all tensile stresses, except for certain bending stresses at the junction 
of the cylindrical elements and the spherical heads, generally referred to as 
discontinuous stresses. If the cylinder has fairly rigid annular bulkheads, these 
discontinuous stresses will also be introduced at the junction of the skin and 
the bulkhead. The stresses may be readily computed by known methods. 

The problem of pressure cabin design requires the determination, first, of the 
simplest type of structure, not only to carry the differential pressure, but to carry 
this differential pressure in conjunction with the design flying stresses imposed 
upon the fuselage. Four possibilities are immediately apparent :— 

(a) A circular pressure vessel with hemispherical ends suspended inside the 
normal fuselage. The disadvantages of this type of structure, however, are 
great. Aside from the problem of weight, difficulty would be experienced in 
window and door design. 

(b) The skin on the outside of the fuselage frame, as in the present standard 
design of semi-monocoque fuselages, to be reinforced to form the pressure vessel. 
This appears to be the most logical type of construction. The fuselage in this 
case should be circular for a minimum weight, and as in (a) the ends should be 
as nearly hemispherical as practical. Due allowance must be made for the 
expansion of the shell when subjected to the differential pressure, in attaching 
the skin to the fuselage frame. 

(c) The skin on the outside of the fuselage to be corrugated parallel to the 
longitudinal axis of the fuselage, permitting the fuselage bulkheads to carry the 
pressure loads. The corrugated sheets would then carry the pressure loads from 
bulkhead to bulkhead in bending. If a flat-sided structure is used which, of 
course, is impractical, it would be necessary to use some scheme such as this. 
The idea does not seem practical. 

(d) A structure involving a great number of small stiffeners to operate as an 
integral unit in resisting the pressure and flying stresses. This may be con- 
sidered as an extreme case of (b). 

It should be borne in mind that both the elasticity and the strength of the 
structure must be taken into consideration in the design. 

The conclusion arrived at, that our present type of semi-monocoque construc- 
tion, composed of thin sheet metal supported by bulkheads and stringers, is ideal 
for pressure cabin design, remains unchanged. Cross sections of the pressure 
cabin should be round, otherwise considerable additional weight will be required. 
(The pilot’s compartment of the XC-35 was not made round because it was 
desirable not to complicate the experimental work by this radical change from 
the conventional type. Considerable weight was added to the structure because 
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of this feature.) In general very little weight need be added to a fuselage o/ 
6 to 10 feet in diameter for internal pressures necessary for 10,00oft.: conditions 
at 30,000ft. (about 5lbs. per square inch basic pressure multiplied by a design 
factor). 


DESIGN Factors. 

In arriving at a design factor it appears desirable to consider the factor froin 
two standpoints; first, from the standpoint of clastic expansion, and second, from 
the standpoint of ultimate strength. 

In theoretical discussions of the structural problems involved in the design of 
pressure cabins it appears to be customary to indicate a fixed load factor or 
design factor. This is generally placed at a figure of 2} times the differential 
cabin pressure anticipated. It appears illogical, however, to use a fixed design 
factor such as this for both elastic and strength calculations in conjunction with 
the usual stress analysis of the flying structure. In the first place, there should 
be no possibility of the design pressure in the pressure cabin becoming greater 
than the basic design load. Safety valves should make this absolutely impossible, 
even if it were not for the fact that a slight increase of pressure would be imme- 
diately noticed by the personnel and could be immediately relieved by appropriate 
hand-operated valves were the safety valves to fail. However, the safety valve 
feature of the design should be absolutely perfect, even if it were necessary to 
instal several such valves. 

It seems unreasonable, therefore, to assume that a pressure in the cabin two 
and one-half times the normal design pressure would ever occur at the same time 
the maximum design aerodynamic conditions are being realised. 

The author recommends that the basic design pressure only be used in connec- 
tion with the usual design load factors required in the structural design of the 
aeroplane. 

The author also recommends, for commercial design, a design pressure factor 
of 14 to 2 times the basic differential pressure required in the cabin for the flight 
conditions specified. For example, if the aeroplane is to fly at an altitude of 
25,000 feet with sea level pressure maintained inside the cabin, the basic design 
differential pressure would be the difference between the barometric pressure at 
sea level and the barometric pressure at 25,000 feet—about 8.2lbs. per sq. in. 
For the design of the pressure cabin this difference in pressure should then be 
multiplied by a factor of 1.5 or 2. As mentioned previously, however, this factor 
would not be used in connection with the general structural design of the aero- 
plane. Neither should it be used in calculating the elastic expansions of the 
structure. This factor, it appears, should be used solely in the design of the 
pressure cabin irrespective of any other stresses to which it may be subjected. 

The internal pressure will have a tendency to strengthen the walls of the 
fuselage by stabilising the thin sheet. 


SEALING OF JoInTS AGAINST AIR LEAKAGE. 

Experiments performed in connection with this investigation show that the 
problem of sealing the joints of the aeroplane structure is, in general, not difficult. 
At the present stage of development it appears that the type of joint now used 
in flying boat hulls is quite adequate, namely, a joint in which a strip of fabric, 
soaked in marine glue or other sealing compounds, is placed between the two 
edges of the metal sheets to form the joint. The riveting pitch, as in the case 
of boat hulls, must of necessity be small. If it appears necessary, the riveting 
may be divided into two classes, (1) the larger strength rivets, and (2) the smaller 
sealing rivets; that is, the larger rivets to give the structure ample strength and 
the small rivets, closely spaced. to give the proper airtightness. In case that 
the finished joint leaks air slightly, a coat or two of marine glue, or other bitu- 
mastic non-drying paints, applied along the riveted seam will make the joint 
more satisfactory. 
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It should be noted in this connection that such a bitumastic impregnated joint 
will naturally be quite resistant to vibration stresses which would have a tendency 
to cause a more rigid joint, such as a welded one, to crack. 


EXPANSION OF CABIN SKIN UNDER PRESSURE. 

The problem of expansion of the fuselage skin under pressure is not a serious 
one and in most cases may be neglected. It should be noted, however, that all 
such expansion problems are subject, with great accuracy, to determination by 
the ordinary theory of elasticity, since the stresses for such calculations will not 
in general be above the proportional limit of the material. There appears to be 
no reason, therefore, for not carrying out a complete and accurate stress analysis 
of all elasticity problems connected with the expansion of the structure. As 
previously pointed out in this discussion, the calculations for the elastic distortion 
of the structure should be based upon a pressure load not greater than the basic 
design pressure load. The problem of the semi-rigid bulkheads and the problem 
of the change from cylindrical to hemispherical structures are two of the most 


USELAGE SKIN 


Fia. 6. 
Bulkhéads designed to allow for expansion of skin. 


serious elastic problems with which the designer must cope. The stresses 
involved in these connections are called ‘‘ discontinuous stresses ’’ and the reader 
may find solutions of such problems in standard books on elasticity under this 
heading. 

It is advisable, however, to always take this discontinuity stress into considera- 
tion, and, if the design of bulkheads permits, allowance should be made for this 
expansion. The weakening of the structure by the use of expansion joints in 
the bulkheads is certainly inadvisable. It is better to design the bulkhead in 
such a way that it has a certain degree of flexibility to allow for this expansion ; 
for example, Fig. 6 shows a simple design for this purpose. In Fig. 6a the 
bulkhead is an extruded I-beam. The skin is attached to this bulkhead by 
means of the relatively thin sheet metal adapter shaped to allow for the expan- 
sion of the skin without exceeding the proportional limit of the material. Fig. 6b 
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shows the ordinary hat section with the brim of the hat widened to allow the 
proper flexibility. 

The effect of the expansion of the fuselage on the operation of the controls 
should be taken into consideration in the analysis, but in general it will be found 
that if any stresses at all are involved they will be negligible. If these stresses 
do exist, it can be shown that they may be offset by the temperature stresses. 
This is obvious when it is borne in mind that as altitude is attained and the 
differential pressure is being built up the temperature is dropping, hence con- 
tracting the aeroplane structure. 


PROBABILITY OF EXPLOSION OF PRESSURE CARIN. 


An important question which naturally presents itself to one for consideration 
is the possibility of an explosion of the supercharged cabin; for example, when 
a fatigue crack in the skin develops or when the structure is punctured. It 
appears that this problem should give no great concern. This is especially true 
if the cabin is designed for a load factor as high as 1.5 to 2, which means that 
the pressure stresses are less than two-thirds of the ultimate strength of the 
structure. An explosion results when the stresses are near the ultimate strength, 
so that when the structure is slightly weakened the stresses in the adjacent 
structure immediately become higher than the ultimate strength of the structure. 
In general, this condition would be remotely improbable when the pressure 
stresses are as low as two-thirds of the ultimate strength. Any failure would 
simply result in a quick loss of pressure which may further rupture the opening, 
but which certainly would not develop into an explosion of sufficient magnitude 
to damage the flying structure of the aeroplane. This is especially true, as an 
aeroplane pressure cabin would be designed, because the heavy structural 
members, such as bulkheads, stringers, etc., would limit the disintegration of 
the thin skin. 


BULKHEADS. 

The hemispherical shell is, of course, the ideal type of bulkhead. This type of 
structure, however, offers the objection of being difficult to form. The hemi- 
spherical shell also would occupy valuable space in certain cases. 

The ideal type of restraining bulkhead, where space is not an important ques- 
tion from a structural standpoint, is the cone. 

Any flat surface used as a pressure restraining wall is, of course, quite 
inefficient. In cases where it is necessary to use a flat restraining bulkhead, the 
bulkhead may be designed by the usual conventional methods. The designer 
may find, however, that a truncated cone bulkhead may be designed for the 
same space which would be occupied by the flat bulkhead, yet would be much 
lighter. In the design of such a bulkhead the analysis of the outer supporting 
ring of the cone would have to be given careful consideration. The methods 
involved, however, are conventional. 


STRENGTH OF GLASS WINDOWS. 


There seems to be at least a popular conception that the windows for this 
type of structure should be round—at least most artists’ sketches for proposed 
stratosphere aeroplanes have round windows. In the last analysis there does 
not appear to be any obvious reason why round windows should be used, and 
they certainly would not be as easily installed and as convenient as rectangular 
windows. It appears that narrow rectangular windows, arranged longitudinally 
with respect to the axis of the pressure cabin in long narrow strips, are the 
most desirable from a structural and practical standpoint. For example, the 
individual windows may be 6 inches high and 12 inches long. 

An investigation carried out to determine the bursting strength of laminated 
plate glass windows prompted a recommendation of 4,500lbs. per sq. in. modulus 


E 
Be 
F 
H 
H 
i 
H 
| 
i 
i 
fl 


ENGINEERING ASPECTS OF COMMERCIAL HIGH ALTITUDE FLYING. 1065 


of rupture. Experiments were also performed on heat treated glass and a plastic 
(Plexiglass), but the laminated glass is used in the XC-35. 


PRESSURE CABIN Doors AND EMERGENCY ExITs. 


In developing a door for the cabin, the following features were borne in mind :-- 


Fic. 7. 


Pressure cabin door with outer cover removed to show internal 
construction and locking mechanism. Air Corps photograph. 
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(a) The door must be light and easily closed. 

(b) It must not be readily possible to open the door when the cabin is 
subjected to a differential pressure. 

(c) The operating mechanism should be such as would be normally expected 
in the operation of a door, yet provide for a quick release of the cabin 
pressure and thence a normal opening of the door. 

The door shown in Fig. 7, the principle of which was used in the XC-35, was 
constructed to conform to these rules. It will be noted that the door is designed 
to be held in place by 14 bolts, all actuated at the same time by a_ handle 
operating either from the inside or the outside of the cabin on a master cam 
A study of the figure will show that in opening the door the handle may be 
turned through approximately 90 degrees before a cam, operating in a slot, 
makes the proper contact for withdrawing the bolts. In the process of moving 
through this 90 degrees, however, a disc on the inside of the door (see Fig. 8) 
actuated directly by the handle, rotates, thus bringing the air holes in the disc 
and in the seat of the valve, on which the disc rotates, in line, thereby releasing 
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9. 
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the air from the cabin. The speed of release of the air in the cabin could be 
regulated by the size of the holes and the size of the disc and its seat. After a 
number of trials it was found that leakage of air could be readily prevented 
between the disc and its seat by the use of glazed leather 8; inch thick, soaked 
in oil and held in place by a pad of sponge rubber as noted in Fig. 9. It will 
be noted from the figure that the leather, not being attached to the disc, would 
be held firmly in place by the pressure of the air through a number of small 
holes drilled in the top of the metal disc. The door was sealed around the 
edges, as shown in Fig. 9. There are, of course, many other ways of solving 
the same problem, any of them being equally as simple. 

There is one question concerning these openings on which many are in disagree- 
ment; that is, should the doors be made to open inward or outward? It appears 
that the logical answer for this, especially in connection with the emergency 
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exits, is to make two exits, one opening inward and one opening outward. The 
reason for this is as follows :—The exit opening outward requires certain fairly 
intricate operating mechanisms. In the case of a crash these mechanisms may 
be readily disarranged so that it would be impossible to open the door. How- 
ever, in case that it is necessary to take to the parachute at a high altitude, 
then this type of emergency door would be ideal because a simple twist would 
permit the door to fly off and entirely away from the aeroplane. On the other 
hand, the emergency door which opens inward would require no mechanism at 
all for its operation and need only be held in place, loosely, against a gasket of 
soft rubber by small spring clips. In case of a crash, in which the door area is 
distorted, the door would not only be easily removed, but in all probability it 
would fly from its seat from the impact. Of course it is obvious that immediately 
upon impact, the air in the cabin would be released through a dozen sources ; 
for example, through broken windows, seams, etc., the time required certainly 
not being greater than one-half second. ‘The door which opens inward, of 
course, could not be opened at all, in the air, until the pressure in the cabin 
is reduced to a very low value. A valve, however, could be designed in the 
door with an area of four or five square inches to reduce the pressure to a 
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proper limit so that the door could be opened in, for example, two or three 
seconds. 

If the doors or emergency exits open inward, the air sealing problem is simple 
since a gasket around the door of 4-inch thick soft rubber is all that is necessary 
for sealing. The pressure of the air holds the door so firmly against this gasket 
that all air leakage can readily be prevented. 

The glass windows, of course, may be sealed in the same manner. It is 
advisable in the case of the windows to separate the glass entirely away from 
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the metal structure. The clips designed to hold the glass in place should not 
press the glass too heavily on the soft rubber gaskets. This air sealing should 
be left to the pressure of the air on the glass itself. The purpose of this is to 
prevent distortional stresses of the structure from being transmitted to the 
glass. 

Only soft rubber should be used as this allows a more even distribution of 
the stresses in the glass. For example, if the metal window frame structure is 
distorted, extremely high concentrated stresses may be introduced in the glass 
due to this distortion. Properly designed windows and doors should be perfectly 
airtight. 
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F1G. 12. 
Bellows type gland. 
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Fic. 13. 
Safety valve for pressure cabin. 


GLANDS FOR CONTROL WIRES, TUBES, KTC., TO CONTROL SURFACES AND ENGINES. 
The principal problem is obviously that of hermetically sealing the exits of 
the control wires, tubes, etc., through the walls of the cabin. Two types of 
motion are involved, rotation and translation (or sliding). The sealing of a 
gland for a torsion shaft, of course, is extremely simple; for example, Fig. 10 
shows the simple gland used in the laboratory in connection with the supercharger 
valve control. Fig. 11 shows a gland which proved satisfactory for either 
rotation or sliding even at very low temperatures and when sprayed by a water 
mist so as to completely cover the gland with ice. No appreciable resistance io 
its operation was noted due to the low temperature, even though the entire gland 
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was covered with frost. Incidentally, frost formation may be easily prevented 
if the gland is properly designed. For example, the felt layer on the inside of 
the gland may be made deeper so that the temperature of the gland would be 
maintained more nearly at the temperature of the cabin. 

There are, of course, many other ways of constructing such glands; for 
example, a bellows arrangement, as shown in Fig. 12, may be used. Such a 
gland was designed for use in these investigations but was not constructed, 
the reason being that the above-mentioned design is so simple, light, and safe 
that it did not seem necessary to investigate the problem further. The bellows 
type of gland has at least one very serious objection. This objection may be 
explained as follows :—In order that the gland operate properly, ample provision 
must be made for an easy access of air into and out of the bellows. Hence the 
hole through the cabin wall must be much larger than the rod or tube passing 
through the hole or additional holes must be drilled as noted in the figure. 
Therefore, if the sylphon bellows should develop a fatigue crack or become rup- 
tured in some other manner, a serious leakage of ait would develop. This type 
of gland also has the objection that considerable space and weight is necessary 
for its inclusion in the design. 

Glands, based on the principle shown in Fig. 11, except that the oil reservoir 
shown was omitted and the installation reduced in size, were used in the XC-35 
and were found satisfactory. 


OUTWARD PRESSURE SAFETY VALVES. 

It was realised that adequate safety valves would be necessary for the safe 
operation of a pressure cabin. Bearing in mind the fluttering tendency of 
ordinary spring-operated safety valves, it appeared that a special device would 
have to be developed to operate satisfactorily as a safety valve. However, it 
seemed reasonable to try first the simplest possible type of spring-loaded valve. 
Accordingly, the valve shown diagrammatically in Fig. 13 was constructed and 
put in place. This valve was, much to the surprise of those interested, very 
satisfactory and was used throughout these series of experiments and on the 


XC-35. 


INWARD PRESSURE SAFETY VALVES. 


Provision must be made in all pressure cabins to prevent the pressure on the 
inside of the cabin from becoming less than the barometric pressure, since the 
cabin walls may be crushed inward by a very low inward pressure. This situation 
was provided for in the laboratory experiments and in the XC-35 by a soft 
sponge rubber flap hung like a curtain on the inside of the cabin over several 
small holes drilled in the side wall. A pressure in the cabin held the flap against 
the holes thus sealing them. 


SILENCING AIRFLOW NOISES. 
It was found that lining the insides of the air ducts, which were located in 
the cabin, with half inch hard felt almost completely silenced the noise of the 


airflow. A muffler for the discharge valve was designed on the basis of this 
principle. 


PRESSURE CABIN DISCHARGE VALVES. 


The principal pre-requisites of a satisfactory discharge valve are :— 
(a) It should hold a constant pressure on the inside of the cabin regardless 
of the barometric pressure on the outside. 
(b) The valve should be free from any possibility of freezing. In operation, 
the air-pressure-operated valve of Fig. 14 fulfilled these two pre- 
requisites satisfactorily for differential pressure as high as 4 pounds per 
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square inch and above. At low differential pressures the spring effect 
of the sylphon bellows was sufficient to cause a variation of about half 
pound per square inch when the differential pressure was changed from 
about one pound per square inch to about five pounds per square inch. 
This change can be further lessened by lengthening the sylphon bellows 
so that the spring effect will be lessened. This valve has the disadvan- 
tage that it will not close readily when the pressure is reduced in the : 
cabin; for example, if the pressure is, say, five pounds per square inch ie 
in the cabin and the supercharged air supply is cut off suddenly the 
discharge valve will allow the pressure to drop to three or four pounds 
per square inch before it will close. On the other hand, the valve has 
the decided advantage of being very simple in operation and construction. 


Fig. 15 shows a schematic sketch of an electrically-operated valve. Such a 
valve was installed on the XC-35 and gave fair service. Considerable refinement, 
however, is still necessary. 


Courtesy of U.S. Army Air Corps. 


; 16. 
Emergency oxygen and fire extinguishing apparatus on the 
Air Corps (Lockheed) XC-35. 


REGULATION OF AIR FLOW INTO PRESSURE CABIN. 


Regulation of the quantity of air flowing into the cabin from the supercharging 
unit is necessary. If the unit is separate from the engines, the regulation may 
be affected by regulating the speed of the supercharger. However, this would 
not be possible if the superchargers were operated by the aeroplane motors. 
It would be necessary in this case to either regulate the amount of intake air by 
by-pass valves or allow the full capacity of air from the superchargers to flow 
into the cabin at all times and make proper adjustments in the discharge valve 
mechanism to provide for changing volumes. This would have to be done 
manually, or else automatic regulating devices must be designed. 
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The regulation of the quantity of air does not seem to be a serious problem, 
except in so far as a minimum supply should always be provided. The discharg: 
valve should have sufficient capacity to properly care for the entire maximum 
discharge of the superchargers into the cabin without appreciable rise in pressure. 


AUTOMATIC SEALING OF CABIN AND RELEASE OF OXYGEN SPRAY IN CASE OF FAILURE 
OF SUPERCHARGERS. 

The possibility of the failure of the superchargers supplying the air to the 
pressure cabin should be provided for. Effective check valves should be installed 
in the line to prevent the reverse flow of air out of the cabin into the super- 
chargers; and in the case of a loss of pressure in the cabin, provisions should 
be made for the automatic spraying of oxygen from emergency tanks provided 
for the purpose. The valves of these tanks may be operated by a sylphon bellows 
in such a way that for a specified equivalent altitude in the cabin the bellows 
trips a spring valve of the oxygen container, allowing the proper spray of oxygen 
into the compartment. For example, several of these oxygen bottles may be 
installed in the pressure cabin and the valve set so that the first bottle will be 
opened at a pressure equivalent to 16,000 feet, the second bottle will be opened 
at a pressure equivalent to 17,coo feet, etc. 

Fig. 16 shows the oxygen equipment installed in the XC-35. The automatic 
mechanism is in the box in the lower right hand corner of the figure. At the 
present writing its use has not been necessary. 


CoNnTROL OF ICING AND FROSTING OF WINDOWS. 

The basic principle involved in this feature of the design is to keep the window 
glass warm enough to melt the ice or frost. This may be accomplished in a 
number of ways. The warm air from the supercharger may be directed over 
the inside of the glass or it may be passed between the two glasses of a double 
window. It is obvious that sources of heat may be used other than from the 
intake air from the supercharger. For example, the air in the cabin may be 
picked up by a small blower, heated, and directed against the window glass. 

A report on the XC-35 states that the problem of taking ice off the outside 
of the pilot’s windows has not been solved successfully. On account of the 
thickness of the laminated glass (three-fourths inch) it was found difficult to 
supply enough heat on the inside to melt the ice on the outside. Undoubtedly a 
satisfactory method will eventually be found to solve the problem. The following 
methods are suggested :—— 

1. Mechanical scraping. 

2. Electrical wire heating. 

3. Blast of hot air directed on outside. 

4. Flow of alcohol or other low freezing point fluids over the outer surface. 


FrosTING OF EXPosED METALS ON THE INSIDE OF THE PRESSURE CaBin—HEat 
INSULATION. 

During the experimental investigation carried out in the refrigerated room at 
Wright Field, the metal surfaces of the skin of the pressure cabin and acces- 
sories quickly became excessively frosted. In a period of four or five hours this 
frost in some cases attained a thickness of 4 to } inch. It was noted that as the 
cabin became warmer much of the frost melted, causing water to form and 
drip from the metal surfaces. It was found that in the cases where the felt 
insulation was pressed firmly against the cabin wall there was no tendency to 
form frost. However, in case the insulation did not press firmly against the 
wall the formation of the frost was more excessive than if the insulation were 
not present. These experiments led to the following conclusions :—The insula- 
tion of the cabin should be glued firmly to the outer skin with a glue which will 
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not deteriorate or crack at very low temperatures—probably a bitumastic type 
of liquid will serve for this purpose. 

Accessories connected to the cabin wall, such as safety valves, control wire 
glands, etc., should be placed well inside the cabin and insulated from the 
outside as much as possible to prevent frosting. 


UTILISATION OF DyNAmic AIR PRESSURE AND ENERGY OF AIR DISCHARGED FROM 
THE CABIN. 


Neither one of these ideas appear to be practical, at least at the present stage 
of development of the project. The dynamic air pressure even at a speed of 
300 m.p.h. is only a small percentage of the cabin differential pressure required 
and hence cannot be used to effectively assist in building up the cabin pressure. 

The kinetic energy of the air being discharged from the cabin is too small to 
be taken into consideration. The question of using the compressed air in the 
supercharged cabin for the engines is being considered. However, the saving 
at most is very small and may not be worth the additional weight of piping and 
apparatus to make this practical. In general, the amount of air required for a 
commercial supercharged cabin will be less than one-tenth of the air required for 
the engines. 


AIR SUPPLY. 

In general, it should be noted that the air supply necessary for schoolroom 
conditions is 20 to 30 cubic feet per minute per person. It appears probable that 
the required air supply for a pressure cabin may be set at approximately 1o cubic 
feet per minute, although it appears that this amount is not absolutely necessary. 

It may be possible that the personnel requirements of air will not be the criterion 
for the supercharger capacity. If the pressure cabin is to be heated through 
the medium of the intake air, it may be desirable to increase the quantity rather 
than heat the air to a higher temperature in order to obtain the required number 
of heat units for cabin heating. 


CABIN PRESSURE REQUIRED. 

In a passenger-carrying aeroplane it is evident that sea level pressure should 
be maintained in the cabin for the maximum comfort of the passengers. In the 
case of military aeroplanes, however, the personnel will be in the proper physical 
condition for a lower pressure in the pressure cabin. For example, it may be 
desirable to maintain a pressure in the cabin equivalent to 12,000 feet altitude. 
The cabin pressure then would be the difference between the barometric pressure 
at the altitude of flight and the equivalent altitude maintained in the cabin; for 
example, if the altitude of flight is to be 25,000 feet, the differential pressure on 
the cabin walls would be the difference between the barometric pressure at 
25,000 feet and the barometric pressure at 12,000 feet. This is approximately 
3-0 pounds per square inch. 

There are other things, however, to be taken into consideration and, in general, 
if the weight of the structure is not appreciably increased by a higher pressure, 
the higher pressure is desirable because it gives a greater amount of air in the 
cabin, in the case of an emergency, for the use of the personnel. 


Rave OF DISCHARGE OF AIR PERMISSIBLE IN AN EMERGENCY. 

The results of a hundred or more tests showed that, in general, no harm would 
result to the human body because of a sudden reduction of pressure of about 
8 pounds per square inch or less to atmospheric at altitude conditions up to 
25,000 feet. Also—quoting from ‘‘ High Altitude Airplane Compartments,’’ by 
J. S. McDonnell, the Glenn L. Martin Co., Journal of the Aeronautical Sciences, 
March, 1937—a sudden decrease of pressure from 14.5 to 5.5lbs. per sq. in. did 
not harm personnel, and alleviated sinus trouble 
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CONTAMINATED AIR. 

Care must be used to see that the air discharged into the pressure cabin is 
not contaminated ; for example, because of the extremely high speed of a super- 
charger vane the oil from the supercharger may become mixed with the air m 
the form of a fine mist. This must be either prevented or else the air must be 
cleansed before it enters the cabin. 


CONDITIONING THE AIR. 

The problems involved in temperature and humidity control are fundamentally 
the same as for the standard passenger aeroplane. However, the humidity will 
normally be quite low in the sub-stratosphere—in the order of 10 to 15 per cent. 
For short periods of time this low humidity is not uncomfortable. 


Courtesy of U.S. Army Air Corps. 


FIG. 17. 


Close-up of pressure cabin operator's instrument panel and 
control board on the XC-35. 


GROUPING OF APPARATUS. 

It is desirable in pressure cabin design, at least at the present stage of develop- 
ment, to group all apparatus affecting the operation of the pressure cabin within 
easy reach of an operator. The reason is obvious. Fig. 17 shows the grouping 
in the XC-35. 


SUPERCHARGING REQUIREMENTS. 

For safety, at least two supercharging units should be used. They may be 
operated in series if a means is provided for changing to a parallel operation. 
The capacity of each supercharger should be about 75 per cent. or more of the 
required capacity for the pressure cabin. 

Two kinds of superchargers have been developed, (a) the gear driven and 
(b) the exhaust driven. 
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Quoting Tomlinson: ‘‘ Theoretically and practically, the exhaust turbine super- 
charger offers advantages over the gear driven type. Whereas the gear driven 
supercharger reaches a maximum efficiency at only one cruising altitude, the 
flexibility of the turbine supercharger enables a pilot flying above the critical 
cruising altitude of the unsupercharged engine at full throttle to utilise the turbine 
supercharger as desired, always cruising at full engine throttle. In this case 
the engine power diverted to supercharging is limited to that actually required 
above the energy recaptured from the exhaust gas. The principal disadvantages 
of the geared supercharger are the low power available for take-off at sea level 
and the ever present frictional losses in the mechanical gearing regardless of the 
required degree of supercharging.”’ 

Quoting Captain Johnson concerning the operation of the XC-35: ‘* For sup- 
plying the necessary air under pressure, two methods have been proposed, one, 
the use of a centrifugal blower mechanically or turbo driven; and the other, a 
mechanically driven Roots blower. The exhaust turbo driven centrifugal blower 
was used by the Air Corps (on the XC-35) because it was the most suitable 
method available at the time and it was readily adaptable to the exhaust driven 
engine supercharger. This type of installation has one major disadvantage in 
that the speed of the cabin supercharger varies with the main engine power 
output. It is therefore necessary to use considerable power when descending 
from high altitudes. Due to the now almost universal use of constant speed 
propellers, the mechanically driven centrifugal blower may be geared directly 
to the main engine and a small speed range is assured. At the present time 
there are no mechanically driven cabin superchargers available, and develop- 
ments should be started immediately. The Air Corps has contacted various 
interested parties in the industry and hopes to have specifications available 
shortly.’’ 


FUEL SUPPLY PROBLEMS. 
The fuel supply problem is divided into two sub-problems :— 
(a) Maintenance of fuel pressure. 
(b) Prevention of evaporation. 

It is known definitely, according to Tomlinson, that fuel pumps must be 
completely drowned, preferably electrically or hydraulically driven and located 
in the bottom of the tanks. Evaporation losses are not known. However, as 
this loss is inescapable with present fuels, it will be necessary before extensive 
operating at sub-stratosphere levels, to develop a less volatile fuel, or to 
pressurise the fuel tanks along with the cabin even though pressure in the fuel 
tank is definitely undesirable. 

Captain Johnson (with reference to the XC-35) states :— 

(1) The fuel pump must be below the fuel supply. 

(2) The fuel lines fo the fuel pump should be of such size and the routing 
so direct that there will be a free flow of fuel to the pump inlet equal to 
at least the maximum demands of the engine. 

(3) There should be no relieved fuel. The speed of the fuel pump must 
be so governed that the pump delivers the exact amount demanded by 
the engine at a given pressure. The Air Corps accomplished this (on 
the XC-35) by use of a variable speed hydraulic motor; the speed being 
governed by the fuel pressure. 


ConcLuSION. 

In spite of the large amount of research, briefly referred to in this paper, it 
must be considered only as an ‘‘ entering wedge.’’ There is an enormous amount 
of work yet to be done before sub-stratosphere flying will become a daily routine. 
However, it appears that we must operate our aeroplanes at a higher altitude or 
do something about the weather and the high peaks of the Rocky Mountains. 
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DISCUSSION. 


Mr. A. H. R. Feppen, M.B.E. (Fellow and Vice-President): Commenting on a 
reference in the paper to flying at a height of 18,oooft., it was not quite clear 
whether that was put forward as a sufficient height for over-weather flying, or 
whether it was mentioned as the minimum height at which to fly in order to clear 
mountains safely. 

Secondly, he would like to know what percentage of the total weight of the 
pressure cabin aircraft was due to the air conditioning equipment and what 
percentage was due to increase of structural weight. 

Thirdly, with regard to the air intake for the air conditioning of the cabin, he 
asked whether it had been found necessary to take particular precautions against 
the admission of fumes from oil or the products of de-icing. 

Professor YouNGER: The experiments on the Lockheed experimental aeroplane 
were carried out at a height of 30,o00ft.; he believed the greatest height attained 
in those experiments was 32,o000ft. It was not certain whether or not that height 
was sufficient for over-weather flying ; experiments by D. W. Tomlinson, of Trans- 
continental and Western Air, Inc. (one of the United States air lines) seemed to 
indicate that weather was experienced even at that height. That was one of the 
matters which must be investigated more thoroughly, and Tomlinson had advo- 
cated that the United States Government should build several mail planes for 
transcontinental mail delivery, to fly at a height of about 30,o00ft., and to enable 
weather conditions to be studied further. Tomlinson had found that air velocities 
at such heights were sometimes quite considerable, and he had experienced clouds 
at a height above 30,ocoft. 

The increase of structure weight in the pressure cabin aeroplane as compared 
with the ordinary aeroplane was almost negligible. The principal increase of 
weight was in the windows, although, strictly speaking, there would be no need 
for windows at all for the passengers in the pressure cabin aeroplane; they 
were being included mostly for psychological reasons, for windows constituted a 
feature to which aeroplane passengers had become accustomed. They would not 
be able to see anything when flying at 2c,o00 or 30,o00ft., anyway. However, 
in a pressure cabin aeroplane of a total weight of 20,ooolbs., the increase of 
weight due to structural requirements would be less than 1 per cent. The 
increase of weight due to the air conditioning equipment in such an aeroplane 
would be probably of the order of 1,000lbs. ; that was quite an approximate figure, 
for he had no exact figures available. 

With regard to the air conditioning, any air supplied by a supercharger must 
be perfectly conditioned. It had been suggested that a bellows arrangement 
should be developed for supplying perfectly pure air to the compartment, the air 
being admitted at the nose of the aeroplane, for example, and pumped into the 
passenger compartment. The amount of air required for the compartment was 
only about 10 per cent. of the amount required for the supercharging of the 
engines, and it was probable that there could be dev eloped a bellows arrangement 
which would serve quite satisfactorily for the pressurisation of the cabin, 


Captain C. F. Uwins, A.F.C. (Associate Fellow): The Bristol Aeroplane Co., 
with which he was associated, had been interested in high altitude flying for 
some years; when the last machine for that purpose was designed, Captain 
Barnwell (the company’s chief designer) had considered carefully the provision 
of an airtight cabin, but had abandoned the idea, and the company must be 
heartily glad that the idea was abandoned, if it involved the tremendous problems 
mentioned in Professor Y ounger’s paper. However, they were problems of very 
great interest. 

He asked whether the experimenters in the United States had found any need 
for compensating flying controls and engine controls owing to uneven contraction 
as between the steel and the aluminium or duralumin fuselages when operating 
at great heights. 
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Secondly, he asked whether there was undue corrosion of the aeroplane struc- 
ture due, for example, to the heavy deposition of moisture on the cold aeroplane 
structure after a fairly rapid descent. 

In the experience of the Bristol Company those two matters had caused some 
difficulty, and he wondered whether the experience in the United States was 
similar. 

Discussing efficiency of operation at great heights, he said it was generally 
reckoned that an aero engine could run at about 66 per cent. of its full power 
continuously. He asked if Professor Younger had any figures to show the 
greatest percentage of the ceiling height of the aeroplane, at which it could operate 
continuously. It would appear that if continuous operation at, say, 25,000 feet 
were desired, the aircraft might have to be capable of attaining at least 
32,000 feet. 

He asked also for information concerning wireless reception at such a height, 
because the navigation of the aeroplane must be very difficult ; the navigator could 
not bob his head through the roof or take drift sights on the water, but must 
depend entirely upon wireless for navigation, so that it was important to know 
whether wireless was reliable under those conditions. 

Having read Professor Younger’s excellent paper, and having considered the 
various details which had had to be dealt with in connection with high altitude 
flying, however, he wondered whether it was really worth while. He asked 
whether Professor Younger was convinced, after the experiments he had made. 
that flying at, say, 25,o0oft. was going to be worth while. It cost a great deal 
of money in additional complications in construction, and the 1,coclbs. extra 
weight represented by the accessories meant a corresponding sacrifice of pay load. 
Although Professor Younger was inclined to say that a leaking fuselage was 
beneficial to the passengers, Captain Uwins recalled that he personally had been 
in a pressure chamber when the oxvgen supply had failed, and he had not felt a 
bit happy about it for quite a long time. If there were de-compression in an 
aeroplane cabin at a height of 20,000 or 25,000ft., some people would suffer, and 
they would never contemplate sub-stratosphere flying again. 

Professor YouNGER: In reply to the question concerning the compensating or 
the extension of the cables and engine controls, one could, with a knowledge of 
the temperature conditions, make the necessary calculations. He had heard no 
complaints in that connection among those concerned with the experimental 
aeroplane. ; 

As to the possibilities of the corrosion of the structure due to frosting, he 
believed the formation of frost in the joints could be absolutely prevented by the 
proper methods. However, the project was not yet old enough to enable data 
on that matter to be accumulated. 

Wireless reception was one of the problems on the list for investigation, and 
the paper by Tomlinson, presented to the Institute of Aeronautical Sciences in 
January, contained some data on that. There had been some difficulty in connec- 
tion with it, but Tomlinson believed it could be remedied. 

Discussing the lost power of engines at great heights, he said that the principal 
difficulty experienced in that connection was the evaporation of gasolene; the 
gasolene line must be absolutely closed, and the pump in the gasolene must be 
drowned in the fluid. It seemed probable that a new heavy oil would have to be 
developed. 

He believed it was worth while, at least in the United States, to fly in the strato- 
sphere, because the machines had to cross ranges of very high mountains. 
Machines had run into the mountains too often, and the conditions seemed to 
Warrant some supercharging of the cabins in order that the machines could fly 
at 20,000 or 22,000ft. at least, so as to ensure clear or practically clear weather 
conditions. They were not absolutely certain even yet that it was the thing to 
do. But one of the outstanding features of the work was that all the sub- 
problems had proved to be fairly simple; there seemed to be a simple answer to 
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every one of them, and it might be found, as we became accustomed to the things 
which had been developed, that sub-stratosphere flying was a logical development. 

Squadron Leader F. R. D. Swatn: His experience of high altitude flying had 
been very slight, but it had proved of considerable interest to him, and he found 
that clouds, or wisps of clouds, did occur at heights up to about 33,o00ft.; at 
35,0c0ft. one became completely clear of clouds. He believed that Flight Lieut. 
Adam’s experience was exactly the same. 

Flight Lieut. M. J. Apam: The increase of structural weight in the pressure 
cabin aircraft was not too great. The pressure suit did work admirably, but its 
advantages were all on the side of the designer and aircraft constructor. 

Colonel Lord Srempitit, A.F.C. (Fellow): Some useful data had been devoted 
to questions relating to the icing and frosting of windows, but there appeared to 
be no specific reference to icing accretion on the structure, and it would be very 
interesting to know the methods applied, or to be applied, to deal with this 
problem. 

Professor YOUNGER: He had no data at hand concerning the icing of the struc- 
ture of the aeroplane, but considerable attention had been devoted to that problem 
in the United States, and he was quite certain that information was available ; he 
would endeavour to find that information and direct attention to it. 


Mr. D. L. Hotiis Witiiams (Fellow): It seemed to be assumed universally, 
when discussing the pressure cabin aircraft, that that machine was going to fly 
always at great altitudes. In thinking over the problem, it appeared to him that 
the aim should be to offer to the travelling public sea level pressure at all altitudes. 
Quite a number of people who travelled in air liners suffered extreme inconvenience 
at altitudes of only a few thousand feet, and if sea level air pressure could be 
maintained in all air liners, irrespective of the height at which they flew, 
tremendous satisfaction would be derived by the passengers. But with increasing 
altitude it became increasingly difficult to maintain sea level air pressure; so that 
it was likely that we should have to give something away and work to a reduced 
pressure—say 10,00o0ft. pressure—-at very high altitudes. 

He understood that one of the great advantages of the use of the air pressure 
cabin was that there was a natural rise of temperature due to compression, so 
that it provided a very safe and efficient form of cabin heating, although that was 
not mentioned in the paper. He asked whether Professor Younger had found 
that ample heating was to be gained from the normal pressure rise utilised in his 
experiments. 

The chances were, also, that the pressure cabin would afford a means of giving 
very effective control of noise. The cabin was a completely sealed chamber, 
which was good from the point of view of excluding noise; further, inasmuch as 
the cabin was under pressure, the tendency of any slack metal or other material 
on the outside surface to drum would be damped out, and that would be a very 
great advantage. 

Professor YOUNGER: The maintenance of sea level air pressure at all altitudes 
was the ideal condition; it was especially desirable in the case of aeroplanes with 
sleeping accommodation. A rise or fall of a few thousand feet in flying height 
gave the sleeping passenger a very bad headache subsequently, because whilst 
he was asleep he could not keep his ears adjusted to the conditions. 

At the altitudes of 25,000 and 30,000ft., at which the experiments in the United 
States were conducted, the heat due to compression was not sufficient to heat 
the cabin of the aeroplane, so that it was necessary to provide additional heat. 

With regard to the noise level control, it had been noted, during the experi- 
ments in the laboratory at Wright Field, that as the inside pressure increased, 
the noises from the outside seemed to diminish. At a short distance from the 
laboratory a propeller was undergoing test, and was giving off a tremendous 
noise ; but it was quite noticeable to those inside the cabin that, as the pressure 
was built up, the noise of the propeller under test seemed to fade away. He 
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intended to carry out experiments in that connection at the University, but had 
not been able to do so yet. 

Professor G. T. R. Hitt, M.C. (Fellow): In reading the paper he had been 
chiefly impressed by the simplicity of the solutions of the various problems which 
were dealt with therein; the valves, control guides, etc., were perfectly simple 
and straightforward engineering solutions of problems which occurred not only 
in the aeronautical, but also in other branches of engineering. Dealing with 
pressure-tight aeroplane cabins, it should not be forgotten that, after all, a boat 
was pressure-tight against water, and the water pressures were very much 
greater than the air pressures one had to design for in the pressure-tight aeroplane 
cabin; flying boat hulls had been successfully designed to withstand water pres- 
sures far greater than the air pressures under consideration. 

Apparently, although most artists drew windows of circular shape for very high 
pressure cabins, Professor Younger did not seem to think that that was neces- 
sarily the right shape to adopt and had suggested that square windows might 
serve equally well. But surely the artist who drew circular windows was backed 
by the highest scientific authority, because the skin of the cabin was subjected 
to very considerable stress, and the use of square windows resulted in high stress 
concentrations, involving presumably an increase in weight. Ships had been 
fitted with circular windows for a very long time past, and it seemed that the 
circular window had everything in its favour—art, science and usage. 

Commenting on the statement that the amount of air required for the passen- 
gers in the cabin was only about 10 per cent. of the amount required for the 
supercharging of the engines, he said that that seemed to suggest cutting the 
supply down to rather a “‘ stuffy ’’ level, and Professor Younger allowed about 
three times that amount for his schoolrooms. Whatever the exact figure was, 
it fell far below the quantity which we were now providing quite easily for the 
superchargers of the engines. 

With regard to fuel supply, and the statement that in order to ensure successful 
operation, the exact quantity of fuel required must be pumped to the engine, 
and none must be relieved, he said that in the high altitude aeroplanes with 
which he had been associated, there had been no difficulty, so far as he was 
aware, with the ordinary system of pumping with any excess escaping through a 
the relief valve. 

In dealing with the historical aspects of high altitude flying, Professor Younger 
had not mentioned the pressure cabin designed by Farman. That cabin, which 
was, as far as he knew, the first successful pressure cabin, was used in an 
aeroplane which was flying some years before those described in the paper; 
although it had come to an untimely end, flights at altitudes up to 30,o00ft. had 
been made with it. 

In spite of the adverse comments made by some of the speakers concerning 
the complications which high altitude flying involved, and the extra weight to be 
carried on the aeroplanes in the form of equipment, we should not be afraid to 
tackle it. It was well to remember the attitude adopted by many people towards 
the introduction of the retractable undercarriage; at first it had been scoffed at 
on the ground that it introduced so much additional complication and weight, but 
in spite of all that it had been developed into: an essential feature of all modern 
high speed types. Similarly, in the years to come we should see high altitude 
flying developed successfully; and, as Professor Younger had forecast, high 
altitude machines would be operating commercially at speeds far higher than those 
attained by commercial aeroplanes to-day. 

Air Commodore R. H. VERNEY, C.B.E. (Associate Fellow): He supported the 
view of Professor Younger concerning the great value of high altitude flying for 
civil purposes in America. He believed it was correct to say that in Northern 
Europe on 50 per cent. of days cloud was encountered at altitudes below 8,ocoft., 
whereas at 25,0o00ft. cloud was only present on 6 per cent. of the days. There 
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must be very great advantages in being able to fly above bad weather conditions. 
The suggested difficulty that prospective passengers would not like the prospect 
of being ** blown up ”’ and subsequently let down again was an exaggeration ; 
he believed that such things came about as the result of development, and that 
passengers would always be ready to take advantage of them. Somewhere he 
had read that eventually air transport would become so uncomfortable that 
passengers would be placed in a kind of coffin, and given an anesthetic ; on arrival 
at their destinations they would be taken out, and given a whisky and soda, after 
which they would be quite happy. 

Professor YOUNGER: In reference to the point that, in dealing with the his- 
torical aspects of the development of the pressure cabin, he had not referred to 
the work of Farman, there was in fact quite an interesting historical background 
to the pressure cabin development, but his paper had been limited strictly to 
development in the United States. As a matter of fact, patents were taken out 
by Breguet, in France, in 1908, covering all the principles involved in the develop- 
ments discussed in the paper. The subject was by no means new, therefore, 
and the problem was that of making practical something of which we were already 
aware. 

Mr. Ferris Smitu (Project Engineer for the XC— 35 described in the paper): 
Endeavouring to shed a little light on some of the subjects which had been men- 
tioned, he referred first to the slackening or tightening of the controls due to 
temperature changes and the consequent shrinkage of the metal work. On one 
fight, he said, for which the elevator controls were rigged normally, it was found 
that when flying at 20,o0o0ft., in an air temperature of about 23° below zero, the 
elevator controls were slack, due to the shrinkage of the metal on the outside 
of the fuselage, the steel cables remaining normal. In order to overcome that 
difficulty, the cables were rigged quite tightly, so that, although they worked 
rather stiffly at low altitudes, they were about normal at high altitudes. 

In regard to wireless reception, he referred to an interesting experiment, which 
perhaps had been prompted by publicity considerations. Arrangements were 
made for a pick-up with about 30 different radio stations. From the machine, 
living at approximately 25,o0oft., a description of what was happening at that 
height was broadcast; it was picked up by a station in Hollywood and re-broad- 
cast from there, and reception was perfect. The broadcast was made at noon, 
and reports were received from all parts of the United States to the effect that 
it had been received very clearly. 

Discussing noise level, he said that in the high altitude machine the conditions 
were somewhat better than in the Lockheed Electra, and he and his colleagues 
had attributed those better conditions to the heavier shell plating and the fact 
that it was airtight; possibly the pressure also had contributed to that result. 

Mr. Frank Rapciirre (Associate Fellow): He asked whether, in the course of 
a prolonged flight of, say, five hours, with an air supply to the cabin of 10 cubic 
feet per minute per person, the passengers would feel at a disadvantage, 
especially those who were not accustomed to flying. He felt sure that none of 
the air liners at present in operation used so small a quantity of air, and the 
reference in the paper to 10 cubic feet per minute per person, which was probably 
about one-third of the normal quantity, was very interesting from the point of 
view of air liner development. 

Mr. Ferris Smirn: The quantity of 10 cubic feet of air per minute per person 
Was a quantity arrived at more or less arbitrarily when considering the design of 
the cabin superchargers. It was found to be quite sufficient, and there was 
nothing to indicate insufficiency of fresh air; conditions inside the cabin were 
perfectly normal. He had flown in those conditions for a period as long as three 
hours at a time at altitudes in excess of 20,ocoft., and had not been aware of 
any shortage of air. The temperature inside the cabin was maintained fairly 
constant at about 65°-70°; it was possible to work comfortably in the cabin in 
shirt sleéves, even though the temperature outside approached 30° below zero. 
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Mr. H. L. Bramson (Fellow): To emphasise the view that the development of 
high altitude flying was well worth while, he could recall meetings of the Royal 
Aeronautical Society at which a great proportion of the audiences had regarded 
major developments, such as those of the retractable undercarriage, variable 
pitch propellers, flaps, and so on, as being not worth while, owing to the increased 
weight, expense, etc., which such developments involved, whilst the people in 
the United States assured us that such developments were worth while. He had 
not the slightest doubt that the results would be similar in connection with high 
altitude flying as those attained in regard to those other developments. 

Mr. C. A. Vinuiers (Companion): He understood that Tomlinson, in the 
‘* Northrop,’’ had attained an accurately measured 36 per cent. increase of speed 
at 25,00oft., and it would be interesting to know whether a similar increase in 
speed had been attained at that altitude in the XC—35. If that were so, it 
would put high altitude flying right on to the map. 

Commenting upon a reference by Professor Younger to trouble which had been 
experienced with exhaust-driven superchargers due to the fact that, when throttling 
down, the exhaust gas turbines would not work fast enough to maintain the cabin 
pressure, and a suggestion that some mechanically driven supercharger was 
preferable, he asked whether it had been considered worth while to use the 
exhaust-driven blower only for supercharging the engines, because of the consider- 
ably increased efficiency which that type gave over other types, and to use a 
mechanically driven supercharger for maintaining the pressure in the cabin. 

Professor YounGrR: In his view the cabin supercharger should always be 
separate from the engine supercharger. He believed it was desirable to develop 
a bellows type of supercharger for the cabin, if possible—just a bellows pump— 
which might be placed on the inside of the wing. It would have to be quite large, 
but it could be made light. That would provide perfectly fresh air, and no 
additional cleaning equipment would be required; the elimination of the weight 
of cleaning equipment was quite an item. 

Replying to the question concerning increase of speed at high altitudes, he 
pointed out that the Lockheed Electra was not designed for speed; the problem 
of designing for increased speed had arisen, of course, but little attention had 
been paid to it in the experiments so far, because the experiments were concerned 
more with altitude. 


Mr. Ferris SmitH: No attempts had been made to break any speed records 
with the XC—35, and there was no attempt to make a smooth skin; indeed, 
there were quite large rivet heads sticking out around it, there being twice as 
many rivet heads as would be used in the ordinary Electra. The actual increase 
of speed attained at high altitudes was about that which would be expected. 
He hated to disillusion anyone who thought that at high altitudes remarkable 
increases of speed were attained, but in fact that was not the case. At 5,ocoft. 
the normal Electra had a speed of approximately 205 m.p.h. with joo h.p. per 
engine; the XC-—35, at 20,o00ft., using the same power, had a_ speed of 
243 m.p.h. One could break a number of records by flying at altitudes in excess 
of that, because the velocities of air became tremendous; the wind sometimes 
reached velocities of 80, 90, or 1co m.p.h., and if one heard that the Electra had 
flown at 350 m.p.h. one must assume that it had a following wind at a velocity 
of about m.p.h. 

Mr. K. J. R. Witktnson: He asked whether there were not some fundamental 
limitations, from the physical point of view, in regard to the heights at which 
aeroplanes could fly, and whether there were any advantages in flying at very 
high altitudes other than the advantages already mentioned. 

Another question was whether from the point of view of design there were other 
limitations which prevented flying at higher altitudes, apart from those concerned 
with pressures on the fuselage; and whether there ,were limitations associated 
with the engines, as for instance, the ignition. 
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Professor YOUNGER: So far as cabin pressures were concerned, there was no 
limitation which militated against flying at any reasonable altitude; but we had 
not yet developed engines which would operate satisfactorily for any appreciable 
time at altitudes much in excess of 25,oooft. There had been trouble with the 
sparking and also with the gasolene supply. 

Mr. E. G. FiscHEtes (Associate Fellow): He asked whether the de-icing of 
the leading edge presented any great difficulty, bearing in mind that an aeroplane 
did not encounter ordinary atmospheric conditions at very high altitudes. He 
wondered whether the difficulty of de-icing would be considerably lessened at 
great heights, and if it would be satisfactorily overcome. 

Professor YouNGER: In general there was no water formation at 30,o0o0ft., and 
the clouds at that altitude were extremely thin, so that probably de-icing would 
not be necessary at that height. Icing of wings was a low altitude problem. 

The CuarrMAN: Some kind of profit and loss account, showing what was gained 
and what was lost economically in high altitude flying, would make a_ very 
interesting addendum to the paper. We knew that the apparatus to be carried 
in the pressure cabin machine represented an increase of 1,o0olbs. in weight 
compared with the ordinary machine, and the paying load was decreased to that 
extent. On the other hand, there would be a considerable gain in the economics 
of the whole thing, because the machine would fly more efficiently at high 
altitudes, in that less power would be required. The various factors entering 
into the economics of the problem were difficult to evaluate; Mr. Bramson seemed 
to be sure that the advantages of reduced drag would outweigh all the disadvan- 
tages, but one was not sure that that necessarily followed quite so simply. 

Presumably the development of pressure cabin machines for high altitude flying 
must apply to civil rather than to military operations. If military machines were 
to be provided with pressure cabins for reasons of economy, presumably there 
would be no holes in the structures through which bombs could be dropped or 
guns fired, and, therefore, the adoption of pressure cabin machines represented a 
step towards universal disarmament. For high altitude military aircraft, of 
course, we should not be able to adopt the pressure cabin but would have to supply 
oxygen to the members of the crew individually, so that holes could be provided 
in the fuselage for bomb dropping and gun firing. 

An important consideration in connection with the development of the pressure 
cabin machine was that many people objected to being completely boxed in a cabin 
in which the air supply was limited, and he asked whether the passengers were 
likely to suffer from claustrophobia when travelling in such machines. The pro- 
vision of windows was essential from the point of view of reducing that possi- 
bility ; although one might not be able to see anything on the ground when flying 
at 30,o00ft., it was at least interesting to a passenger to know that there was a 
sky around him, that the sun was shining and that he was still alive, and he was 
interested to see, when the machine was landing, that the ground was not coming 
up too quickly! 

In countries having mountains so high as the Rockies or the Andes one must 
study ways of flying over them, quite apart from questions of efficiency and 
economy; if regular air services were to be operated, ‘such problems must be 
solved. Professor Younger’s paper provided a very admirable example of the 
manner in which the various problems could be tackled; it set out those problems 
and then endeavoured to find the solutions. 

Commenting upon the reference made to the invention which bore his own 
name, he (the Chairman) said it was really due to a little Anglo-German co- 
operation, and as such it might be regarded as a happy augury of the kind of 
co-operation that might be secured in a wider field with a view to solving some 
of the other difficulties which confronted nations to-day. 

Finally, he proposed a very hearty vote of thanks to Professor Younger for 
having presented his paper to the Society and for having answered so many 
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questions, and to Mr. Ferris Smith for his contributions to a very interesting 


discussion. 
(The vote of thanks was carried with enthusiasm and the meeting closed.) 


Following his lecture before the Society, Professor Younger was entertained 
to dinner by the Council when the following were present :— 

Flight Lieut. M. J. Adam, Holder of the British Altitude Record. 

Major J. S. Buchanan, C.B.E., A.M.I.Mech.E., F.R.Ae.S. 

Major G. P. Bulman, O.B.E., B.Sc., M.I.A.S., F.R.Ae.S., Assistant Director 
(Engines) of Research and Development, Air Ministry. 

Mr. H. Roxbee Cox, Ph.D., D.I.C., B.Sc., F.R.Ae.S., Chief Technical 
Officer, Air Registration Board. 

Mr. W. C. Devereux, F.R.Ae.S., Managing Director of High Duty Alloys, 
Limited. 

Mr. A. H. R. Fedden, M.B.E., M.I.A.E., M.S.A.E., F.R.Ae.S., Chief 
Engineer of Bristol Aeroplane Company. 

Mr. C. G. Grey, Editor of ** The Aeroplane.”’ 

Professor G. T. R. Hill, M.C., M.Sc., F.R.Ae.S., Professor of Engineering, 
University College. 

Major D. H. Kennedy, O.B.E., F.R.Ae.S., Honorary Treasurer, Royal 
Aeronautical Society. 

Squadron Leader R. B. Maycock (Handley Page’s). 

Mr. F. Handley Page, C.B.E., F.R.Ae.S., Vice-President of the Society. 

Professor A. J. Sutton Pippard, M.B.E., D.Sc., M.Inst.C.E., F.R.Ae.S.. 
Professor of Civil Engineering, City and Guilds Engineering College. 

Mr. S. C. Poulsen, Editor of ‘‘ Flight.’’ 

Captain J. Laurence Pritchard, Hon. F.R.Ae.S., A.F.I.Ae.S., Secretary of 
the Roval Aeronautical Society. 

Lieut.-Colonel M. F. Scanlon, Assistant Military Attaché for Aviation, 
American Embassy. 

Lord Sempill, A.F.C., F.R.Ae.S. (Past-President), Member of Council. 

Mr. Ferris M. Smith. 

Squadron Leader F. R. D. Swain, A.F.C. 

Mr. C. F. Uwins, A.F.C., Test Pilot of the Bristol Aeroplane Company. 

Mr. G. R. Volkert, F.R.Ae.S., Chief Engineer, Handley Page’s. se 

Mr. C. C. Walker, A.M.Inst.C.E., F.R.Ae.S., Chief Engineer of the e | 
de Havilland Aircraft Company, Limited. 

Professor J: Younger, Ph.D., A.F-I.Ae.S., Lecturer. 
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NOTE ON THE EFFECT OF ROTATION ON THE FREQUENCIES 
OF LATERAL VIBRATIONS OF A ROD. 


By J. Morris, B.A. 


INTRODUCTION. 

In certain problems such as the vibration of airscrews or gyroplane rotor blades, 
account must be taken of the effect of the imposed rotation on the frequencies 
of vibration. <A direct solution of the appropriate equation of motion is usually 
impracticable and in consequence recourse is had to the application of Rayleigh’s 
Principle. But even this powerful device may involve increasing labour as 
ascending overtones are considered. In this note an empirical rule is indicated 
whereby the effect of rotation may be assessed. For a uniform rod the empirical 
rule is shown to be a very close approximation, particularly with ascending over- 
tones. In other cases such as a tapered rod the rule is shown to apply, but the 
approximation is not so close. 


$1. Untrorm Rop FREELY HINGED—FREELY SUPPORTED. 


Referring to Fig. 1, let OA be a uniform rod freely hinged at O and freely 


supported at A. 
0 A 


— 


J 


Fic. 1. 


The equation of motion of the rod in lateral vibration in the plane rOy may 
be shown to be 
—mty=o 
in which 
m'=wk?/EIg 
where w=weight of unit length of the rod. 
I=flexural moment of inertia of the rod. 
E=Young’s modulus of elasticity. 
g=acceleration due to gravity, and 
k /2 z=frequency of lateral vibration. 
Having regard to the end conditions the solution is found to be 
y=a sin (mx) 


where ml=rz (r=1, 2, 3, - - - ) and a@ is a constant. 
Suppose now that rotation, of constant angular velocity 2, is imposed about 
the axis Oy, then as an approximation we may assume that the shape of the 
1084 
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curve is unaltered by this rotation. We then have, employing Rayleigh’s 
Principle, 
x 
4 (d?y /dax?)? dx = (4) (w/g) K? | (4) (w /g) 0? | x { [ay dx } dx, 
o 
where K/2 z is a frequency having regard to rotation. 
On evaluation of the integrals in this equation we obtain the relation 
K?=ElIgm*/w+ { 1/3-—1/(4 ml?) } 
where 
mt=wk?/Elq, 
So that 
K?=k? + { 1/3—1/(4 } ? (w/EIg)? kO?, 
where k/2 7 is the frequency when rotation is absent. 
Now 
ml = rr, 
where 

Thus for frequencies above the second overtone the factor 1/3—1/(4 ml?) is 
very approximately 1/3. So that for frequencies above the second overtone the 
relation 

K? = k? + ARQ?, 
where 
A= (I?/3)/(w/ EIQ), 
is very nearly exact. 

Assuming this formula holds good for the fundamental, the error in the 
allowance for the rotation will be less than 3 per cent. and for the first overtone 
less than 2 per cent. on the high side. These errors are probably of the order 
of accuracy of the approximation involved in the use of Rayleigh’s Principle. 


UnitrormM Rop FREELY HINGED—ENTIRELY FREE. 
If in Fig. 1 the end A is entirely free then equation of motion is the same, 
Viz., 
- m*y =o, 
but the end conditions of the free end are different. In such a case we find that 
the solution is of the form 
y=a, sin (mx)—a, sinh (mz), 
where 
and a,, d,, are constants, such that 
a, sin (ml) = —a, sinh (ml). 
Applying Rayleigh’s Principle in this case we find that 

K?=k? + F (ml) m?/?0?, 
where 

F (ml)=f, (ml) /f, (ml), 
in which 

f, (ml) =[ { (sin 2 ml—2 ml cos 2 ml)/(4 + 2/3 } 
+ {a,a,/2 m*l® }) { cosh ml sin ml—sinh ml cos ml—2 ml sinh ml sin ml } 
+ {a,?/4} { (2 ml cosh 2 ml—sinh 2 ml)/(4 m*l*) + 2/3 } J, 
and 
f, (ml)= { a,7/4}) { 2—(sin 2 ml)/ml } 
—(d,d,/ml) (cosh ml sin ml—sinh ml cos ml) 
+ {a,7/4} { (sinh 2 ml)/ml—2}. 
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Now 
a, = —(a, sin ml)/sinh ml, 
and as ml takes the successive values 5 7/4, 97/4, 13 7/4, rapidly 
diminishes with regard to a,. 
For the fundamental 
ml=5 
a, = (1/36) a,. 
Thus as an approximation we neglect the a, term. In these circumstances 
F (ml)= { (sin 2 ml—2 ml cos 2 ml)/(4 ml’) + 2/3 } / { 2—(sin 2 ml)/ml } . 
Now since 
ml=5 2/4, 97/4, 13 7/4,-..-, 
sin 2 ml=1, 
cos 2 ml=o. 
Thus as ml becomes large 
F (ml) > 1/3 
as in the previous case. 

For the fundamental and first overtone respectively we find that the appro- 
priate stationary values of F (ml) m?l? for varying ratios of a,/a, are 6.4 and 
18.2 respectively. 

Thus we have 

(1) For the fundamental 

K?=k?+ 6.4 0?, 
(2) for the first overtone 

K?=k? + 18.2 
(3) for the second overtone 


and for higher overtones 


§3. Unirorm Rop Encastre at ONE END AND FREE AT THE OTHER 
This case is much more difficult to deal with on the lines of the two previous 
examples. By the method given in the JouRNAL OF THE ROYAL AERONAUTICAL 
Society for November, 1936,' we have approximately 
(1) For the fundamental 
4-49.22 427, 
(2) for the first overtone 
K?=k? + 6.58 
Above this we may assume the formula 
K? = k? + (1/3) m2l?0?. 
Now in this case for the fundamental and five overtones m?/? is 
3.516. 
22.034. 
61.685. 
120.912. 
199.855. 
298.564. 
Thus for the second overtone we have 
K? =k? + (1/3) (61.685) 
or 
K? =k? + 20.56 0?, 


and so on. 
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We notice that 6.58 and 20.56 compare with 6.4 and 18.2 respectively for the 
fundamental and first overtone of the hinged free case. 


$4. CAse oF A TAPERED Rop ENCASTRE AT THE Burt END. 
If we take the blade defined by 
A, =A, 
where A, is the area of the cross section at a distance x from the fixed end and 
I, its flexural moment of inertia, then we find that the first six overtones? are 
2.608 
4-923 
7-948 
11.684 
16.130 
21.287 
times the fundamental. 
We also find that approximately 
(1) For the fundamental 
K?=k?+1.4 0?, 
(2) for the first overtone 
=k? +49 
(3) for the second overtone 
K?=k? +7.6 ?. 
So that for the third overtone we may assume that 
K? =k? + (7.948/4.923) 7-6 0? 
or 
K? =k? + 12.27 0? 
and so on. 
For vibration in the plane of the chord in which 
we find that appropriate values are 
(1) For the fundamental 
K?=k?+1.27 0%, 
(2) for the first overtone 
K? =k? + 4.12 7. 
The ratio of the k’s is found to be approximately 3.2: 1 which is very nearly 
the ratio 4.12: 1.27. 
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METHODS OF SOLVING SPECIAL GEOMETRIC PROBLEMS 
IN CONNECTION WITH AIRCRAFT DESIGN. 
By H. E. A.F.R.Ae.S. 


In many branches of engineering, especially the aircraft industry, numerous 
geometric problems arise which present considerable difficulty to draughtsmen 
and designers. The object of this paper is to present methods which the writer 
has developed which enable any problem of the type under consideration to be 
rapidly solved. The majority of these problems arise in cases where, although 
sufficient data is provided to enable ordinary three view drawings of a particular 
part or assembly of parts to be made, angles and lengths have to be found which 
cannot be directly obtained from this three view drawing. 

The lengths and angles which may be measured directly from the three view 
drawing are commonly referred to as ‘* projected angles or lengths ’’ whilst the 
angles and lengths which need to be found are known as “* true angles or 
lengths.”’ 

In order to clearly appreciate the meaning of the foregoing, consider the 
following elementary example (Fig. 1) :— 

Upon the upper face of a wedge two straight lines AG and GD are drawn 
intersecting at G, the dimensions x, y, z and m are given, and an ordinary side 
elevation and plan are drawn. 

The lengths AG and GD obtained from the ordinary plan view are projected 
lengths, and the angle a is a ‘* projected angle.’’ Now construct a plan view 
in the direction of the arrow Q. The lengths AG and GD obtained from this 
new plan view are ‘‘ true lengths *’ and the angle 8 is a true angle. 


GENERAL DEFINITION. 

If two straight lines join to form V, the angle contained between them is 
defined as a true angle when the angle is viewed normal to the plane containing 
the V. Similarly, the lengths of the lines forming the V are known as true 
lengths only when viewed normal to the plane containing the V. 

Referring again to the wedge used as the example in Fig. 1 it will be quite 
obvious that if we draw the side elevation and plan view as shown in Fig 2, 
the angle @ is the true angle and AG and GD are true lengths and they are 
obtained by a more direct method than in Fig. 1. 

The important point to be noted in this very simple example is that, by 
graphically rotating the wedge about the axis AD, from the attitude shown in 
Fig. 1 to that shown in Fig. 2 we have been able to obtain the true lengths 
and angle directly. 

The principle of rotation is the basis upon which any problem of the type under 
discussion may be solved. If sufficient data is given to construct an ordinary 
three view drawing of any body or assembly using the ordinary methods of 
projection, the body or assembly can be graphically rotated about any axis 
parallel or normal to the paper into any position desired. : 

During rotation, obviously no change must be made to any dimension of the 
body or assembly and the effect of rotation must be applied to all views concur- 
rently. By carrying out, in a logical order, one or more graphical rotations, 
any problem, no matter how complicated, which involves the finding of true 
lengths or true angles may be solved. If any problem has been solved graphically, 
it is a simple matter to calculate trigonometrically the true lengths and angles 
step by step. 
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FIG.1. 
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The following examples are explained and illustrated in detail and in most 
cases represent problems which, in the writer’s experience often present such 
difficulty that models are often made either in the drawing office or works in 
order to determine angles and lengths, resulting in considerable cost and waste 
of time. 

In view of the extensive use of rigid, forged, and machined joints in aircraft 
structures, it is essential that angles and dimensions on the drawings be given 
with considerable accuracy, as such joints do not permit of tolerances which 
enables inaccuracies to be taken up. It is therefore essential that complex 
problems must be solved without any doubt as to the accuracy of the solution, 
as a scrapped forging often represents a considerable loss in time and money. 
It is hoped, therefore, that this paper may assist in overcoming the difficulties 
which these problems present to many draughtsmen and engineers. 
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EXAMPLE I. FIG. 3. 

A bent tube has to be produced, the dimensions a, b, c and d being known. 
These dimensions are sufficient to enable a three view drawing to be made as 
shown by full lines in Fig. 3. This drawing alone does not give the operative 
sufficient information to bend the tube or establish its length, since the true 
angle and true lengths are not given. It is necessary therefore to determine 
these values and the procedure is as follows :— 

Rotate the line 4B about the axis BC until, in the end elevation A is vertically 
above B and C by describing an arc of radius AB and centre at B and C in the 


e 
li 
t 
b 
e 
t 
| 
| 
| 
| 
| 
| 


SOLVING SPECIAL GEOMETRIC PROBLEMS IN AIRCRAFT DESIGN, 1091 


end elevation, the point A, therefore, moving through the angle a to the position 
A,. We must now apply the effect of this rotation to the other two views. In 
the side elevation, since we have effected rotation about BC, which, in this view 
lies upon the plane of the paper, 4 must clearly have moved along a line normal 
to BC and through the point A into the position A,, the dimension x of course 
being equal in the front and side elevations. Turning now to the plan view, the 
effect of the rotation has moved the point A through the distance d into position 
A,. The line A,BC, in side elevation, now lies upon the plane of the paper, 
therefore the angle @ is the true angle and the dimensions z, a and b give all the 
data necessary to produce the bent tube. 


FIG. 3. 
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EXAMPLE 2. FIG. 4. 


A bent tube has to be produced, the given dimensions being a, b, d, e and f, 
and as in Problem 1, the true angle and lengths are required. 

After making an ordinary three view drawing, we find that a single rotation 
will not suffice in this case since, in the end view, the points B and C do not 
coincide. Provided, however, that we do not in any way alter the inter-relation 
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the required information. 


of the points we may effect rotation about any axis we please in order to obtain 
We therefore proceed as follows :— 

In the side elevation, draw the line OB perpendicular to BC and in the end 
view draw OB perpendicular to BC. Using the line OB as the axis of rotation, 
rotate ABC until B and C coincide in the end view. 

with the plan view. 


In order to do so, commence 
With B as centre, describe an arc of radius equal to BC 


b 
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END ELEVATION 
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PLAN. 
and another equal to AB. 


Since we require the points B and C to coincide in 
the end view, we must rotate ABC in the plan view through the angle @ therefore 
point C will now reach position C,, and point A will reach the position A,, the 
dotted line A,BCU, representing the new position of the bent tube in plan view. 
We must now apply the effect of this first rotation to the other two views. 


the end elevation B and C will now coincide, and point A will travel along a 
path normal to the line OB until it reaches 
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1,, the distance x being obtained 
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from the plan view and A,BC, represents the end view of the tube after the first 
rotation. By direct projection of the point A,, from the end elevation and plan, 
the position of the point A,, is defined in the side elevation and the line A,BC, 
in this view shows the bent tube after the first rotation. 

Since B and C coincide in the end view, the effect of the first rotation has 
been to reduce the problem to similarity with Problem 1, and we proceed along 
exactly similar lines to those followed in that case, using of course A,BC, as 
representing the bent tube. As in Problem 1, we now rotate A,BC, in the end 
view through the angle oa until A, reaches position A, vertically above B by 
describing an arc of radius equal to the length A,B and with B as its centre. 
Applying the effect of this, the second rotation to the side elevation, the point 
A,, will move along a path normal to the axis of rotation, t.e., BC, and will 
reach position A,, dimension h being obtained from the end view. In the plan 
view, the second rotation causes point A, to reach the position A,, therefore 
A,BC, are now in line and coincide with the datum line. The line A,BC, in 
side elevation is now lying upon the plane of the paper and therefore represents 
a true view of the bent tube with 6 as the true angle. 


EXAMPLE 3. FIG. 5. 

Fig 5 illustrates the third and final example of the bent tube. The given 
dimensions are a, b, e, f, m and n, and we are required to find the value of the 
true angle, etc. Following similar principles to those used in connection with 
Problems 1 and 2, this problem can be solved by three rotations. 


First ROTATION. 

Side Elevation.—Rotate the line ABC about the axis BY until, in side eleva- 
tion, point C reaches the position C,, on the datum line, the line BC moving 
through the angle 6. The line AB must, of course, also move through the 
angle @, therefore point A will reach the position A,. 

Plan.—The first rotation causes point A to move along a line perpendicular 
to BY until it reaches the position A, and point C will move along a perpendi- 
cular to BY until it reaches position C,. 

End Elevation.—In this view the first rotation results in A travelling along a 
path perpendicular to BY until it reaches point A,, and C travels along a perpen- 
dicular to BY until it reaches the position C,. 

The result of the first rotation is to eliminate the effect of the angle 6, the 
problem now resolving itself into a parallel with Problem 2. 

We can now proceed with the second rotation, it being clearly understood that, 
as the result of the first rotation, A, BC, represent the bent tube on the drawing. 


SECOND ROTATION. 


Plan View.—Rotate the line A,BC, in plan view about point B through the 
angle 8 until point C, reaches the position C, on the datum line, and the point 
A, reaches the position A,. 

Side Elevation.—The effect of rotating A,BC, through the angle 8 in the 
plan view (i.e., about the axis BX in side elevation) is to cause A, to reach the 
position A,, and C, to reach the position C, in the side elevation, A, and C, 
moving along lines perpendicular to the axis of rotation BX. 

End Elevation.—In this view the effect of the second rotation is to cause C, 
to move to the position (,, coinciding with B, and to result in point A, reaching 
position A,. 

As the result of the combined effects of the first and second rotations, the 
bent tube, now represented by A,BC,, is so disposed on the drawing, that the 
problem has resolved itself into a case parallel with Example I, and we now 
proceed along similar lines to those followed in that case by carrying out the: 
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THIRD ROTATION. 


End Elevation.—Rotate the line A,B through the angle w about the point 6 
until A, reaches the position A, lying on the vertical axis BX. Since B and C, 
coincide and lie upon the axis of rotation, the third rotation does not cause C, 
to move in end elevation, therefore C, coincides with C,. 


Fig. 6. 
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Side Elevation.—Point A, moves along a path perpendicular to the axis of 
rotation BC until it reaches the position A, and point C, will coincide with C,. 

Plan View.—Point A, moves along a line perpendicular to BC, until it reaches 
position A,. A,B and C, now lie on the same straight line in the plan view, 
therefore, the line A,BC, in the side elevation represents a true view of the bent 
tube and the angle A is the true angle through which the tube must be bent to 
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comply with the original dimensions. The lines A,B and BC, represent the true 
lengths of the bent tube. 

The foregoing method dealing with Example 3 is too unwieldy for practical 
use, but it is given in detail as a logical development from Examples 1 and 2. 
Example 4 deals with an exactly similar problem in a more practical manner as 


illustrated by Fig. 6. 


EXAMPLE 4. 6. 

The information given is precisely as in Example 3. Commence by drawing 
the normal plan view and draw a line BR through B perpendicular to BC. 
Through any convenient point B on BR draw a datum line for the side elevation, 
parallel with the line BC in plan view. Through the plan points A and C draw 
lines parallel to BR. A little consideration will show that, whether we look 
along the plan datum line, or in the direction of the arrow S, the dimensions 
e and f are unchanged, and we can therefore complete the side elevation by 
locating points A and C in that view using dimensions e and f. In the side 
elevation the line BC lies upon the plane of the paper, therefore if we draw an 
end elevation looking along this line, i.e., in the direction of the arrow R, points 
B and C will coincide in the end view, enabling us to effect rotation. The point 
A in the end elevation is, of course, located by means of the dimension p taken 
from the plan view, and by projection from the side view. If we now rotate the 
line ABC through the angle 6 about the axis BC until, in end elevation, A reaches 
the position A,, the line A,BC in side elevation represents a true view of the 
bent tube and A is the true angle of bend. 


EXAMPLE 5. FIG. 7. 

The mounting for a radial aircraft engine, consisting of an engine attachment 
ring and a supporting structure are illustrated diagrammatically by Fig. 7. Four 
radial lugs are provided integral with the ring for the attachment of the tubular 
structure, a single pin joint being employed at each lug. The structure is braced 
laterally in the bottom panel only and is symmetrical about the vertical centre 
line in front elevation. Each side panel (as shown in Fig. 7A) consists of two 
tubular struts, welded at their forward ends to a short centre tube, the three 
tubes lying in a common plane. A straight machined forked end is inserted into 
the centre tube and riveted to it to form the attachment to the ring. Sufficient 
information is given to draw a normal three view layout of the mounting and our 
problem is to find the true angles a, 8 and @ indicated in Fig. 7a. 


Referring to the front elevation (Fig. 7) it will be seen that, in this view, the 
pin at C lies upon the plane of the paper. Since the plug end is straight (i.e., 
the jaws of the fork are not bent in either plan view or side view) and perpen- 
dicular to the pin, the line MC must represent the centre line of the plug end. 
Again, since A, M and B are in line in the front elevation, the lines AC, MC 
and BC must lie upon a common plane. Considering now the side elevation, 
if M is located by projection from the front elevation MC will represent the 
centre line of the plug end. Since in the front elevation the pin C lies upon the 
plane of the paper, its axis forms a natural hinge which enables the problem to 
be solved by proceeding as follows :— 

Draw a plan view looking in the direction of arrow S as follows :— 

Produce the axis of the pin C downwards and where convenient fix point C 
(plan) and draw through it a line perpendicular to CC the axis of the pin. By 
projection from the front elevation parallel with CC, and by using dimensions 
e and f taken from the side elevation, locate in this plan view points A, M and B 
and draw dotted lines AC, MC and BC. (It should be pointed out that the 
dimensions e and f remain unchanged whether we look at the side view in the 
direction of the engine centre line or along the arrows S.) It will be clear 
that the point C in this plan view represents a plan view of the pin, and may 


4 
+ 
| 
| 
| 
Lid 
| 
| 
| 
| 


Sive 
ELEVATION. 


| 
| Ai | 
| HALF Front 
| i} / ELEVATION. 
i | 
| 
Qe 
Tose BC Fig. ZA. 


BC Fia. 7A. > . 


Fig.8. 


ELEVATION. 


Sipe ELEVATION. 


FRONT 


GROUN 


LinE~ Port Sreur 


TYRE DEFLATED. 


SOMPRESSED Port 


GROUND LINE- Bory Sreurs 
LINE - BotnSreurs 
EXTENDED. Botu Trres 
INFLATED. 


| 
ABRow Ww A \ 
2 4 | 
90° | 
\ > 
\ 


Sioe ELEVATION. 


PLAN 


Lug For Tuee AD 


FIG 


FIG.9. 
we 

| 
SY / 
F F F 
%, FRONT ELEVATION. / 
JAW 
LUG Fo g / 
B 4 LUG FOR TUBE DF 
TUBE 
D IY f 
A 
Socket FoR — 
BD. 


SOLVING SPECIAL GEOMETRIC PROBLEMS IN AIRCRAFT DESIGN. 1097 


be used as an axis of rotation and that the line MC, the centre line of the socket, 
in this plan view is lying upon the plane of the paper. 

Proceed now to graphically rotate the plan view about the point C, through 
the angle 6, until point \f reaches the position M, lying upon the axis of the 
main pin, point A reaches A, and B reaches B,. 

In the front elevation, as a result of this rotation, points A and B will travel 
along perpendiculars to the pin axis until they reach position A, and B, 
respectively, their positions to the right or left of the pin axis being established, 
of course, by projection, parallel with the pin axis from the plan view. Referring 
again to the front elevation, it will be observed that the point M as the result 
of the rotation has now reached M, coinciding with C and that A,M, and B, now 
lie upon a straight line passing through point C. The line A,M,B,in. front 
elevation therefore represents a true end view of the side panel with the plug 
end standing perpendicular to the paper. The pin still lies upon the plane of 
the paper, therefore the angle 6, the angle of twist of the plug end is now 
determined. 

The effect of the rotation may now be applied to the side elevation by pro- 
jecting horizontals through A,M, and B, in the front elevation and by using 
dimensions y and x taken from the plan view, although there really is no need to 
complete the side elevation in order to solve the remainder of the problem. 

Proceed now to draw a new side elevation looking normal to the line A,M,B, 
in the front elevation, i.e., looking along the arrow G@ by drawing perpendiculars 
through A,M, and B, (front elevation). Taking any point C upon the perpen- 
dicular through M draw the line CW which represents the centre of the engine 
ring and pins. From CW set off distances y and x (obtained from the plan view) 
along the appropriate perpendiculars to CW and thereby locate points A,M, 
and B, in the new side elevation, and joining A,C, M,C and B,C in the new side 
elevation gives us a true side elevation of the panel, since the lines are obviously 


lying upon the plane of the paper in this view, and a and 6 are the remaining 
two true angles which we required to determine. 


EXAMPLE 6. Fia. 8. 


The side and front elevations shown on this drawing illustrate an aeroplane 
with thrust line horizontal, beneath the port wing of which a bomb is suspended. 
The starboard chassis strut is fully extended, and the wheel fully inflated, but 
on the port side, the oleo leg is fully compressed and the tyre punctured. It is 
necessary to determine the minimum clearance between the underside of the bomb 
and the ground. 

Since the minimum clearance required must necessarily be measured perpendi- 
cular to the ground, it is not possible to obtain the dimension directly from either 
view, but if the following procedure is adopted the problem can be readily solved. 

First produce the axis of the bomb in side elevation, and draw a circle repre- 
senting the end view of the bomb. Divide the circle into a number of equal 
parts and, by projection, locate points a, b and c in the side elevation. 

For the time being assume that both oleo legs are fully extended and both 
tyres inflated, the line A,C therefore representing the ground line in side elevation. 
From points A, and C drop perpendiculars to the line A,C and draw a plan 
centre line RC parallel to A,C and using dimensions M and N, locate in plan the 
points A,, A, and D. 

By projection from the side elevation and the use of dimensions d, e, f, g and k 
from the front elevation locate points a, b and ¢ representing a plan view of the 
lower half of the bomb tail. Since we are assuming at present that the machine 
is symmetrical about its vertical centre line in front elevation, the triangle 
A,CA, in pian view is lying upon the plane of the paper, and the line A,C is 
the axis about which the machine will rotate if the port oleo leg is suddenly 
réduced in length and the port tyre deflated. Still assuming that both struts are 
extended and both tyres are inflated, draw an end view looking along the plan 


“ 


1098 H. E. CHAPLIN. 


line A,C in the direction of the arrow W as shown in Fig. 8. In this end view 
the line A,A,, of course, represents the ground line when both oleo struts are 
extended and tyres inflated. ‘The point of contact D of the damaged wheel must 
be shown in this end view, locating it by dimensions P and N, taken from the 
side and end views, also a curve drawn to represent the bottom of the bomb tail 
obtained by projection from the plan view and dimensions s, r and q taken from 
the side elevation. If we now draw the line A,D in the end view, this line must 
represent the ground line, upon which the machine stands after the port leg has 
collapsed and the port tyre is deflated, the distance 2 being the required minimum 
clearance below the bomb. 


EXAMPLE 7. FIG. 9. 

Fig. 9 shows diagrammatically three views of a structural assembly which 
was required to be attached to a frame by a single pin at each of the four corners 
of the rear panel DD, FF. Consideration of the purpose for which the structure 
was intended led to the decision that welded joints were undesirable, and it was 
therefore decided to employ a single machined forging to form the joint at 
points D, D, F and F of the type illustrated by Fig. 94 and photographs on 
Fig. 10, the latter depicting the actual fitting used at D. Since the member BD 
was the heaviest loaded member at the joint in question, it was decided that the 
socket should fit this member, the other struts being attached by pin joints to 
suitable lugs formed on the forging. To avoid unnecessary difficulty in 
machining, it was decided that the main pin at joint D should lie normal to the 
line BD as viewed in front elevation and parallel with DI as viewed in side 
elevation. This automatically implied that the jaws would be co-axial with bi 
as viewed in front elevation, therefore the lugs forming the main jaw would be 
straight. No offsets, other than that of the member DD, were permissible. 
A further condition laid down was that the members AD and AF should be 
detachable from the structure without disturbing the remainder. Fixing condi- 
tions of these members at A made the removal of these members possible only 
by lifting them vertically (as viewed in plan) and this limitation made it impera- 
tive that the lug to take the tube AD, formed on the forging at D, should also 
be normal to the plane of the paper in plan view, or in other words, the pin 
attaching AD to the main forging had to be parallel with the horizontal plane of 
reference of the structure, and normal to its plane of symmetry. The purpose 
of this example is to describe and illustrate the procedure adopted to determine 
the necessary angles and set out the forging at D. Fig. 9 shows the calculated 
values of the various angles determining the position of the members radiating 
from joint D and gives the diameters of the various tubes, the position of the 
points B, G, K and A being quite arbitrary. Fig. 11 shows, in full lines, the 
centre lines of the tubes radiating from D taken directly from Fig. 9, but 
intended for large scale work in developing the joint. 

The first essential is to arrange the layout in such a manner that true views 
can be obtained of the socket, without moving the main pin from the plane of the 
paper in front elevation. Before carrying out this operation, it is important to 
arrange to keep track of the pin X in order that the conditions of withdrawal 
of the tube AD, previously described, may be fulfilled. It will be readily seen 
that for these conditions to be met, the axis of the pin X must be parallel with 
DD, therefore if we use this line as a means of reference to pin X in the ensuing 
work we can establish its angular relation to the remainder of the problem at 
any stage, since we are concerned only with the angular relation of the various 
members at present. At any convenient point, therefore, on the line DD mark 
point Q and for the time being treat QD as the axis of the pin X rigidly attached 
to the socket. 

To proceed with the layout, first rotate the whole system about the axis DZ 
until, in front elevation, B reaches the position B, vertically below D, all members 
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in this view therefore moving through an angle of 40° 8’. The side elevation 
must be treated correspondingly, all points in this view moving normal to the 
axis of rotation DZ, the dotted line in front and side elevations. Fig. 11 shows 
the position of the various points, and the calculated angles are given of the 
various members after this rotation. Since the line B,D, is vertical in front 
elevation, the socket is obviously lying upon the plane of the paper in side 
elevation, therefore the side elevation shows a true view of the socket, and the 
inter-relation of the various lines and points has in no way been disturbed. 

We now proceed to draw an end view of the system looking along the axis of 
the socket, i.e., along arrow R as shown in Fig. 11. This view shows a true 
end view of the socket and establishes the angular relation of the main jaw, the 
lug for tube AD and the lug for tube GD. 

it is now necessary to find the true plan angular relation of the lugs for the 
tubes AD and GD with the socket and this has to be carried out in two stages 
as follows :— 

Referring to the end view in the direction of the arrow R rotate the line BG 
only through the angle @ until G, reaches the position G,. As a result of this 
partial rotation, in the side elevation G, will travel normal to B,D and G, will 
finally lie on the line B,D. The tubes BD and G,D are now lying on the same 
plane, therefore if we draw a half plan normal to B,D, that is, looking in the 
direction of the arrow S, this plan view will show the true plan angle between 
the tubes BD and GD, the dimension h being obtained from the end view in 
direction of the arrow R. 

Again referring to the end view in direction of the arrow R, rotate the whole 
end view with the exception of the line GD (which we have already dealt with), 
until A, reaches the position A,, the line A,B therefore moving through the angle 
6. At the same time lines F,B and Q,B will also move through the angle 6, 
F, reaching the position F, and the point Q, the position Q,.. The effect of this 
third rotation must now be dealt with in the side elevation, in which view 
A,, F, and Q, will travel along paths normal to B,D, the second co-ordinate of 
each point being found by projection of the points A,F’, and Q, from the end 
view in the direction of the arrow R. 

A second half plan is now constructed looking along the arrow S, the positions 
of the points A,, Ff, and Q, being determined by projection from the side elevation 
and the use of dimensions m, n and k obtained from the end view in the direction 
of the arrow R. 

In this half plan, the socket and the tube AD are now lying in the plane of 
the paper and the true angle contained between them is found to be 15° 18’. 

It is now necessary to determine in this plan view the position of the point J, 
i.e., to establish the value of the dimension V. This has to be done by trial and 
error, the point Y being located in such a position that there is sufficient clearance 
between the lug provided for the tube AD and the side of the socket to accom- 
modate the forked end of the tube AD. 

Having located this point, it is necessary to determine the angular relation of 
the pin X, the axis of which passes through the point Y, and the socket. 

Since it was originally agreed that the line Q,D could be used to represent the 
axis of the pin X, it follows that if a line, parallel to Q,D in this plan view be 
drawn through the point Y, this line XX must represent a plan view of the pin X. 

Since, at the end of the third rotation, as will be noted from the end view in 
the direction of the arrow R, 9,D does not lie on the same straight line as A,D, 
the axis of the pin X, which passes through the point Y in the half plan under 
consideration, does not lie upon the plane of the paper. It is therefore necessary 
now to determine the other angle of this pin, this is, the angle of twist of the lug 
relative to the plane containing the tubes 4,D and B,D. To determine this angle, 
draw the line NY of any convenient length normal to the axis of the pin X, and 
through any convenient point draw a perpendicular to NY, this perpendicular 
serving as the datum line of a section through XX. By means of dimension [ 
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obtained from the second half plan and e obtained from the end view along the 
arrow R, the centre line of the pin XX in section XX is obtained, giving the 
angle A which is the required angle of twist of the lug for tube AD. 

Referring to’ the second half plan it will be noted that the plan axis of the 
pin X is not normal to the centre line of the tube AD, and the plug end in this 
tube cannot therefore be a straight one, but must have its jaw set at an angle 
to the tube. This angle 6 can be determined in the following manner :—Through 
the point N draw a line normal to NY intersecting the centre line of the tube AD 
at the point M. Through M draw a line parallel with NY which intersects the 
centre line of pin X in the section XX at the point H, thus determining the 
dimension y. Drawing a plan view in direction of the arrow 7 using dimensions 
rand y taken from the second half plan view determines immediately the angle 6, 
and shows the tube AD lying upon the plane of the paper and a true view of the 
pin X. 

Every angle which is necessary for the production of a working drawing of 
the forging at D has now been determined and Fig. 12 shows such a drawing. 
The drawing on Fig. 12 is a reproduction of that actually used to produce the 
fitting iliustrated by the photographs on Fig. 10 except that angles only are 
given. The actual forging illustrated was made direct from the drawing without 
any models being made, and although close limits were worked to, no difficulty 
whatever was experienced in assembly. 


EXAMPLE 8. FIG. 13. 

The normal side and front elevations and normal plan view shown by dotted 
lines on Fig. 13 illustrate a twisted tapered monoplane wing. This wing is 
arranged to fold, and, as is often the case, the hinge axis is not vertical in either 
the front or side elevations. The normal side and front elevations and normal 
plan views show the wing in the spread attitude and the problem is to draw a 
normal side elevation and plan of the wing when folded. In this particular case 
we will assume that, when the wings are folded, the leading edges of the port 
and starboard planes are to be parallel with each other as seen in plan view. In 
the normal plan view the root and outer wing sections are located and the 
corresponding aerofoils are superimposed in the normal side elevation. To enable 
the aerofoils to be identified at any stage during the process of folding, arbitrary 
points a, b, c, d, etc., are marked off on the aerofoils in the normal side elevation 
and normal plan views. Similarly, to enable the curved tip shape to be identified, 
arbitrary points, 1, 2, 3, 4, etc., are marked off in the three normal views. 

Since the hinge line is not vertical in either the side or front elevations, the 
wing cannot be folded graphically by any direct method, but the following 
procedure permits the desired objective to be attained without undue difficulty. 

Mark off any two arbitrary points Z and S on the hinge line of the normal 
front elevation, and project them on to the hinge line of the normal side elevation, 
this determining the dimensions G and H. 

A front elevation of the spread wing as seen looking along the arrow Y is now 
drawn, the centre line of the machine is this view, being, of course, parallel with 
the hinge line of the normal side elevation. 

By projection in the direction of the arrow Y and by means of dimensions 
G and H taken from the normal front elevation, the hinge line of this new front 
elevation is determined. 

Any point in this front elevation along the arrow Y is determined by projecting 
in the direction of the arrow Y through the equivalent point in the normal side 
elevation and by taking the distance that the point is outboard of the machine 
centre line from the normal plan view. It will be clear, in this connection, that 
the distance any point is outboard of the centre line of the machine remains 
unchanged whether viewed along the horizontal datum line or along the arrow Y. 
Projection of all points lettered or numbered in the normal views in the manner 
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referred to above enables one to draw a complete front elevation viewed along 
the arrow Y and in this view, it will readily be understood the hinge lies upon the 
plane of the paper. 

The next step is to draw a plan view looking along the hinge line of the new front 
elevation, i.e., looking in the direction of the arrow X and normal to the arrow 
Y simultaneously. To do so, draw a line normal to the hinge line of the second 
front elevation, the point of intersection W of the two lines being a true plan 
view of the hinge axis. The fore and aft position of any point in the wing in 
this plan view is determined by measurement, normal to the hinge line of the 
normal front elevation, and the outboard position of the point is obtained by 
projecting through the point in the second front elevation, projecting in the 
direction of the arrow X. Dealing with all the points in this manner results in 
the completion of a plan view of the spread wing in the direction of the arrow 
X and normal to the arrow Y. Since, as has already been pointed out, this plan 
view shows a true plan view of the hinge axis, represented by the point W, we 
may rotate the wing about this axis into any required position. Before pro- 
ceeding to do so, it is necessary to determine the angle through which the wing 
must be moved in order to comply with the condition that the leading edges shall 
be parallel when the wings are folded. Referring to the front elevation of the 
spread wing as viewed along the arrow Y, it will be readily seen that, since the 
hinge line in this view lies on the paper, if the wing be folded, any point in this 
view will travel along a straight line normal to the hinge line of the view under 
consideration. Again, since the leading edges are to be parallel in the final folded 
position of the wings, the points A and C must be equi-distant from the centre 
line of the machine in this front elevation when the wings are folded, the distance 
the points are outboard being measured, of course, normal to the centre line, 
but since the folded span of the wings is unknown, the position of the points 
A and C after folding cannot be established for the time being. 

The next step is to trace the plan view of the spread wing as viewed along the 
arrow X and using a pin as hinge through the point W of this plan view to 
rotate the tracing until, by trial and error, the conditions that A and C are equi- 
distant from the centre line in the front elevation of the spread wing in direction 
of the arrow Y are satisfied. The first co-ordinate of the points A and C is 
obtained for this purpose by projecting in direction of the arrow X from the 
tracing after rotation and the second by projection through the point in the 
front elevation of the spread wing as viewed along the arrow Y, normal to the 
hinge line. When the tracing of the plan view along the arrow X has been 
correctly positioned, the points are pricked through and the completed plan view 
which now represents the folded wing, as seen looking along the arrow X and 
normal to the arrow Y, is completed upon the original drawing. 

The next step is to draw an end view of the folded wings as seen when looking 
in the direction of the arrow Y. As has already been stated, during folding, 
any point on the wing in the front elevation of the spread wing in the direction 
of the arrow Y, will move along a path normal to the hinge line of that view, 
this fact immediately determining one co-ordinate of any point after folding. 
The second co-ordinate of any point after folding is obtained by projecting 
in the direction of the arrow X through the point in the plan view of the 
folded wing. Dealing with all points in this manner enables an end elevation 
of the folded wing in the direction of the arrow Y to be completed. This 
front elevation, combined with the plan view of the folded wing in the 
direction of the arrow X, gives us all the necessary data to complete the solution 
of the problem. We now proceed to draw a normal side elevation of the folded 
wing by projecting normals to the hinge line of the normal side elevation through 
points A, B, C, etc., appearing in the end elevation of the folded wing, thus 
establishing one co-ordinate of any point. The second co-ordinate is obtained 
by taking the distance that the point lies fore or aft of the point W, in the plan 
view of the folded wing viewed along the arrow X, measured along the hinge 
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line of the second front elevation, and setting the distance off normal to the 
hinge line of the normal side elevation. 

The normal plan view of the folded wing is now drawn, one co-ordinate of 
each point being obtained by projecting vertically downwards from the normal 
side elevation of the folded wing. The second co-ordinate of any point is obtained 
from the end elevation of the folded wing in direction of the arrow Y by 
measuring the distance the particular point is from the centre line of that view. 
The dimension thus obtained is then measured along the appropriate perpendicular 
to the centre line of the normal plan view of the folded wing and when all points 
have been dealt with in this manner, the normal plan view of the folded wing 
can be completed. 

if it is necessary, as is often the case, to draw an end view of the wing after 
folding, with the machine standing tail down, it is simply necessary to project all 
the points in the normal side elevation in the direction of the ground line to 
establish one co-ordinate of each point and to establish the second by measure- 
ment from and normal to the centre line of the end elevation of the folded wing 
in the direction of the arrow Y. 

Such complicated cases of folding wings as staggered biplanes having unequal 
chord, unequal incidence and unequal sweepback on top and bottom planes, may 
be dealt with in a similar manner provided that all the necessary data are correctly 
set forth in the original three views, viz., normal side and front elevations, and 
normal plan. 
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A STUDY OF THE WING-BEATS OF PIGEONS IN FLIGHT.* 
By G. GurpI. 


(Translated by F. M. Buss from ‘* L’Aerotecnica,’”’ Vol. XVIII, No. 8/9, 
Aug.-Sept., 1938.) 


Résumé.—Observations on the wing-beats of pigeons, based on cinematograph 
films taken by the author; with conclusions regarding the characteristics of the 
wing and its lift in the various phases of the beat. 


Studies and researches regarding the wing-beats of birds are always a topical 
question, more particularly at this moment when the attention of the Acrotecnica 
has been specially drawn to various projects, more or less practicable, for human 
flight. + 

Although the wing-beats of birds have been studied experimentally and 
analytically by eminent authors, and many complete and informative books have 
been written on this subject, it seems to me that there may still be some interest 
in giving a résumé of the main points of numerous observations which I first made 
about ten years ago and have subsequently repeated and confirmed with better 
facilities. I think it may be interesting because these observations of mine have 
enabled me to arrive at results which to my mind are more conclusive than those 
reached by other authors. 

These observations, made in natural conditions by means of a cinematograph, 
had as their object the flight of seagulls and pigeons; in the present article | will 
only deal with the latter. 

Most experimenters have used strong telescopic lenses on their cinematograph 
cameras and have taken pictures while the birds were flying at a considerable 
distance. This procedure inevitably results in a loss of many details, due to 
the absorption of light by the thick stratum of air between the camera and its 
subject. Since it is not difficult to approach, for a fleeting instant, within a few 
yards of pigeons even when they are in full flight, I did not follow in the tracks 
of other experimenters; I considered it would be much better to approach the 
subjects as closely as possible and to use lenses of relatively near focus with a 
field of between 15° and 25°. Only occasionally did I use lenses with a wider field 
(up to 40°) or a narrower one (down to 4°). The films were taken as a rule at 
the rate of 64 to the second, occasionally at 128. These two speeds correspond 
respectively to four and eight times the real speed, when the film is projected 


* Translated and reprinted by kind permission of the Editor of L’Aerotecnica and the author 
G. Guidi. 

+ The expression ‘** human flight,’’ as used to indicate flight effected by a man’s own energy, 
has in itself been a theme of discussion: some people insist that it be replaced by the 
more appropriate term ‘‘ muscular flight.’’ It was not I who invented the phrase ‘* human 
flight ’’: it was set me by the Central Committee as the theme of a monograph for 
examination purposes. Obviously the adjective ‘* human ’’ can be applied to any kind 
of flight achieved by man, as it can to any other form of man’s activity; but in the 
generally accepted terms ‘‘ mechanical flight ’’ and ‘“ sailplaning ’’ reference is clear‘y 
made to the source of energy—an engine or the wind: when the source of energy is a man 
it is perfectly logical to designate the flight by the adjective ‘* human.’’ By calling it 
‘* muscular flight ’? one would create a confusion with bird-flight, which is truly and 
solely muscular; therefore, in any case, the phrase used should be: ‘* human muscular 
flight.”’ For example, the present article is concerned exclusively with muscular flight, 
but not with human muscular flight. 
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at the usual rate of 16 photographs to the second. It will be noted from time 
to time in the rest of this article when the observations were made at 64 per sec. 
and when at 128 per sec. The exposure was approximately 1/5co sec., irrespective 
of the speed. With this method of working it was easy to choose a neutral 
background allowing each relative movement of the bird to be distinguished, 
without resorting to the squared grid used by Magnan.* 

The considerable angular displacements which are necessitated by following 
the subject at close range are no obstacle when the camera is automatic and is 
held in the hand, pointing it steadily on the bird, as a sportsman aims his rifle. 
With this end in view I used the normal 35 mm. camera and also a smaller 
16 mm. model. For this second type the Kodak Special camera with suitable 
modifications proved particularly useful. 

In this way I was able to obtain beautifully clear and brilliant photographs, 
in which the subject fills almost the whole field, and in which it is not only 
possible to distinguish the various attitudes of the bird, but also the position and 
direction of its wing and tail feathers, which latter have perhaps not been equally 
plain to other students of this problem. 

Before describing the results of these observations, I must stress one point 
of fundamental importance; it is necessary to make a clear distinction between 
the different kinds of flight adopted by the pigeon in varying circumstances, 
which have perfectly different and distinct characteristics. 

This is a point of capital importance, which has not, I think, been sufficiently 
stressed by other investigators; indeed, I have often noticed that they have 
attributed attitudes, angles of incidence, speed of wing-beats and forward speed 
to one kind of flight which actually belong to another, thus falling into serious 
errors and confusion. I will briefly describe these types of flight, which may 
conveniently be classed under four headings :— 

1. Upward Flight.—The flight-path of the pigeon is usually at an angle of 
between 30° and 60°; rarely steeper, although the bird is capable of rising 
vertically. The longitudinal axis of the pigeon’s body is inclined at the same 
angle as the flight-path. Wing-beats are strong and rapid; the dihedral described 
by each wing may reach 140° or even 150°, particularly in the first phase of ‘‘ taking 
off ’’ from the ground. There are from six to eight complete wing-beats (i.c., 
including the downward and the upward stroke) each second. With films taken 
at 64 per sec., each complete wing-beat fills from 8 to 10 photographs. Forward 
speed is limited, being at most 4-6 metres/sec. Therefore in this type of flight 
the bird travels from 50 cm. to 1 metre per wing-beat. Under this heading may 
be classed also the special case of ‘* checking ’’ or hovering, which the pigeon 
—although rarely—carries out well and can keep up for relatively long periods. 
The inclination of the longitudinal axis is usually steeper and sometimes quite 
vertical; the characteristics and frequency of the wing-beats are approximately 
the same. ‘ 

2. Horizontal Flight with Wings Beating.—The longitudinal axis of the 
pigeon’s body is perfectly horizontal if the flight-path is the same. Wing-beats 
are less strong and frequent; the dihedral described by each wing is approxi- 
mately gc°, but may be even less when the bird has already attained a fairly 
high forward speed; there are from four to six complete wing-beats per second, 
filling from 10 to 16 photographs at 64 per sec. In this type of flight the bird 
reaches its maximum forward speed; which, however, according to my observa- 
tions is never more than about 16 metres/sec., although other authors give 
considerably higher speeds. This discrepancy is probably due to the fact that 
all my observations refer to flights at a very low altitude—at most two or three 
metres from the ground. From my observations, therefore, it would appear that 
the pigeon in horizontal flight covers about three metres for each complete wing- 
beat. This is the type of flight which is most interesting to study, since it repre- 


* Magnan: ‘* Le vol des oiseaux et le vol des avions.’? Bulletin Technique n.74, 1931. 
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sents that stable and continuous position which aspirants to human flight most 
particularly desire to attain. Above all, one must make a clear distinction 
between this type and upward flight, which does not seem to have been done by 
other authors, judging from their reports and conclusions. For example, some 
articles reproduce successive pictures of a bird in flight described as ‘* horizontal,’’ 
when it is out of the question that it can be so, since the longitudinal axis of the 
bird is quite obviously inclined at an angle of 45° to the horizontal. In con- 
sequence, the phases of the wing-beats, the angles and speeds are wrongly 
attributed to horizontal flight, whereas they really belong to upward flight. 


1. 
Diagram of ascending flight with wings beating. 


3. Fized Wing Flight.—This ts the well-known type of flight with wings 
extended and steady by which pigeons, and many other birds, use the reserve 
speed acquired by flight with beating wings, or their height and the effect of 
gravity, or aerial currents, in order to support themselves in the air or glide 
downwards with no apparent effort. This type of flight is outside the scope of 
the present article. 

4. Hovering Flight.—In this type of flight the pigeon uses up, as a rule in 
not more than eight to ten complete wing-beats, the dynamic energy which it 
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has acquired. The longitudinal axis of its body is at a steeper inclination than 
in ascending flight, and may be vertical or even ‘‘ over the vertical.’’ The wing- 
beats are very strong, with wings and tail fully extended. The dihedral angle 
formed by each wing during its beat varies according to the shape and position 
of the object upon which the pigeon wishes to alight, but as a rule is maximum. 
The frequency is eight complete beats per second, since each wing-beat fills no 
more than eight photographs, at a speed of 64 per sec. 

Obviously the transition from one type of flight to another is gradual; con- 
sequently there are a great number of intermediate stages which participate in 
the characteristics of two different types. This, however, does not detract from 
the value of the classification given above, nor from the necessity of differentiating 
the characteristics peculiar to each type of flight, if one wishes to arrive at definite 
conclusions. 

The Phases of a complete wing-beat may conveniently be distinguished as 
tollows :— 

1. Descending Phase.—In which the wing descends from its farthest upward 
position to its lowest point. In the accompanying diagrams this phase is repre- 
sented by the line A-B (Figs. 1 and 2, left-hand drawing). 

2. Stationary at Bottom.—In this phase the wing, having reached its lowest 
point, stays there, or rises very slightly, whilst it moves forward, changing its 
direction and its angle of incidence. In the diagrams this phase is represented 
by the line B-C. We shall see in due course the fundamental importance of this 
phase. 

3- Ascending Phase.—The wing rises from point C to its original position A. 

Whilst the moment when the wing reaches its upper point A is easily distin- 
guishable in cinematograph records of bird flight, the moments corresponding to 
points B and C are less clearly marked. This accounts for the divergence in 
various authors’ estimates of the duration of the ascending and descending phases 
of the wings, and in particular whether the former is shorter (as Marey states) 
or longer (as Magnan states) than the second. Obviously, if the phase B-C is 
considered as joined to the phase C-A and both are reckoned as ‘‘ ascending 
phase,’’ this becomes longer than the descending phase. But to my mind it is 
logical and advisable, for the reasons which I shall proceed to explain, to distin- 
guish the period during which the wing moves forward while remaining low from 
that during which it definitely rises, because of the conclusions which can be 
drawn from this distinction ; in this case the ascending phase is decidedly shorter 
than the descending phase. The average times of each phase, where pigeons 
are concerned, taking strong and well-developed birds, according to my observa- 
tions are (to the nearest whole numbers) as follows :— 


In ascending flight :— 
Downward phase—1/14 sec. (approx. g photographs at 128 per sec.). 
Stationary at bottom—r1/4o sec. (approx. 3 photographs). 
Upward phase—1/20 sec. (approx. 6.5 photographs). 
Complete wing-beat—about 1/7 sec. (approx. 18.5 photographs). 


In horizontal flight with wings beating -— 
Downward phase—1/12 sec. (approx. 10.5 photographs). 
Stationary at bottom—1/20 sec. (approx. 6.5 photographs). 
Upward phase—1/15 sec. (approx. 8.5 photographs). 
Complete wing-beat—1/5 sec. (approx. 25.5 photographs). 


The accompanying diagrams illustrate the phases of the wing-beat according 
to my cinematograph records; points ABC represent the horizontal projection of 
the wing-tip in a vertical plane passing through the longitudinal axis of the 


4 
| 
| 
: 
i 
I 
( 
a I 
a 
. 
a 
t 
: b 
| b 
a 
tl 
tl 
ir 
fr 
| tk 
th 
| 
| as 
fo 
| SE 
: Ww 


A STUDY OF THE WING-BEATS OF PIGEONS IN FLIGHT. 1109 


bird. The left-hand drawings in Figs. 1 and 2 are referred to the centre of 
pressure of the bird reduced to rest, consequently with zero forward speed, 
whereas the right-hand drawings on the same graphs represent its actual dis- 
placement in space, being the resultant of the speed of wing-beats added to the 
forward speed. In reality the centre of pressure of the bird describes a trajectory 
in space which is not straight but slightly sinusoidal in the vertical plane; this 
movement has been ignored in the present article as it has no bearing upon the 
phenomena which I intend to analyse. In Figs. 1 and 2 (right-hand drawings) 
the movements of the wing-tip are therefore referred to the longitudinal axis, 
it being assumed that the centre of pressure of the bird moves along this axis. 

Irom these observations may be drawn the conclusion that the upward phases 
of the wing are shorter than, or at most equal to, the downward phases. This 
contradicts the findings of Magnan, who considered the downward phases shorter 
than the upward ones. I am of opinion that the discrepancy arises from his 
having divided the wing-beat into two phases instead of three, as seems to me 
more logical. In any case, even according to Magnan’s observations, the dura- 
tion of the two phases does not differ greatly. Let us make a compromise and 
consider that both are equal. 

The muscles of the bird which govern the downward stroke are the main 
pectorals; those which govern the rise of the wing are the medium pectorals, 
the deltoid muscles and the scapular group. In the pigeon the volume of the 
latter stands in the ratio 1:6 to the former. Admitting that the muscular 
development, in any one subject, is proportional to the work which the muscles 
are called upon to put forth, and also that the contractibility of the muscles per 
unit of volume is constant (again for any one subject), the work which the bird 
is capable of achieving in the down-stroke of its wings should be six times as 
much as that achieved in the up-stroke. Admitting, as I have said above, that 
the duration of the upward and downward phases is approximately equal, one is 
brought to the conclusion that in the former the wing opposes a resistance to 
the motion about six times less than in the latter. This is surprising, and it is 
natural that one should ask what transformation can have taken place in the 
wing which can have so suddenly reduced its resistance. 

A careful scrutiny of individual photographs elucidates this apparent enigma, 
but we will arrive at this explanation by examining each stage of the behaviour 
of the wing in its various phases. 

From the cinematograph records it is possible, although with some difficulty, 
at least to estimate the angle which the chord of the wing profile makes with 
the longitudinal axis of the bird; hence also the angle that this profile makes with 
the actual flight path in the air. 

During the descending phase these angles remain almost constant, and it is 
easier to estimate them with some accuracy. It is more difficult in the ascending 
phase, because in the pigeon’s flight the projection of the wing is superimposed 
on the body; besides this the displacements are larger and more rapid, and 
order to estimate them completely it would be necessary to have three projections 
in space instead of one only—and furthermore, one which varies its inclination 
from one moment to another with respect to the vertical plane of symmetry, as 
the flight progresses. 

Subject to the indispensable reserves which must be made in experiments of 
this sort, I have arrived at the following conclusions. Since the characteristics 
of flight vary considerably in each individual case and with each individual bird, 
I will deal with types of flight which corre espond to the average subject, i.¢., in 
ascending flight; flight-path inclined at 45° , seven complete wing-beats per sec., 
forward speed of 75 cm. per wing-beat; in horizontal flight, five wing-beats per 
second and three metres forward speed per wing-beat. These conditions, 
according to my observations, are those developed by normal, strong birds. 

Given the above conditions, in asc ending flight the downw. ard phase is made 
with an average angle of incidence of the wing with regard to the axis of the 


4 
4 

4 

4 
3 


G. GUIDI. 


PiG.. 3. 


Ascending flight: Downward phase of wing-beat. 
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Ascending flight: Upward phase of wing-beat. 
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Checking. End of upward phase of wing-beat. 


Fic. 6. 


Checking. Beginning of downward phase of wing-beat. 
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bird, and consequently with regard to the flight- path, w hich is definitely negative 
and is around 4o°. But with ie to the trajectory of the wing the angle is 
positive and is on an average about 30° between wing-tip and scapula. In 
consequence the aerodynamic reaction is almost vertical and has a normal com- 
ponent to the flight-path which is practically equal to the component in the 
direction of movement. ‘This phase is therefore active both for sustentation and 
for propulsion (see Fig. 1, right-hand drawing). 

There follows the second phase in which the wing is widely extended forwards, 
the individual flight feathers come wide apart, as is clearly shown in the photo- 
graphs 4 and 5. During this forward movement the leading edge of each wing 
turns through an angle which may even be as much as 70°. In addition, the 
direction of the wing is completely changed by a rotation due in part to the 
actual turning of the ‘‘ arm ’’ and in part to the elasticity of the feathers; so 
much so that at the end of this phase it achieves that kind of reversal which 
other authors have noticed. The reversal is apparent and not real, since with 
regard to the trajectory of the wing the incidence is and remains negative. 

The upward phase then begins with a wing incidence which, with regard to 
the flight-path of the bird, may be estimated as approximately 50° on an average 
between wing-tip and scapula. With regard to the wing trajectory, however, 
it makes a negative angle of about 60° along. the whole wing. With such a 
marked incidence the resistance opposed by the wing to the motion could not 
possibly be less—certainly not six times less—than in the downward phase, as 
other conclusions have led us to expect, were it not that the wing is completely 
distended and the flight feathers isolated one from another, with a flow of air 
passing over them from the tips downwards, and that the surface of the wing is 
thereby broken up into a number of isolated and independent strips. Also, since 
feathers in general, and more particularly the main flight feathers, have the axis 
of the calamus—which coincides with the axis of the plumage—at an acute angle 
trom the axis of the rachis (see Fig. 7); consequently both the visible centre 
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Axis of the calamus. 


of the feather and the centre of aerodynamic pressure at varying angles of 
incidence are out of line with the axis around which the feather might the oretically 
be considered to move. During the downward phase of the w ing-beat the vane 
of each feather overlaps the next, “ such a way as to form a continuous surface 
with an excellent wing profile (see Fig. 8). 

But in the upward phase the Fo ON impulse and the actual position of 
the wing—which, as we have said, is fully spread and pushed forwards—cause the 
feathers to turn by their elasticity at a certain angle, by means of which the 
wing surface is broken up like the lathes of a venetian blind (see Fi ig. 9). 

This phenomenon had already been noticed by the great Leonardo da Vinci, 
who wrote that whilst the wing presents a continuous surface in its downward 
movement it appeared as though ‘“* pierced with holes ’’ in its upward movement 
and 51).* 


* R, Giacomelli: Gli scritti di Leonardo da Vinci sul volo, G. Bardi—Roma, 1936, pp. 190-194. 
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But what I think has not yet been taken into consideration is the behaviour 
of the wing feathers, thus separated and turned in the upward phase of the wing- 
beat ; they function like so many ailerons, presenting a marked positive incidence 
with regard to the longitudinal axis of the bird, but a minimum negative incidence 
with regard to the real trajectory of the wing. This negative incidence gives rise 
to a resultant aerodynamic force almost parallel to the bird’s flight-path, which, 
presents a minimum normal component directed upwards. In consequence the 
upward phase of the wing-beat is also an active and driving phase; more precisely, 
while the downward phase performs the work of sustentation and forward move- 
ment, the upward phase is especially one of propulsion. 


Front View 


Flight feathers in 
downward beat 


Fic. 8. 


Position of flight feathers in ‘down stroke. 


of the bird 


Trajectory 


Flight feathers in 
upward beat 


g. 


Position of flight feathers in up stroke. 


This shows the full importance and the function of the phase which I have 


termed *‘ stationary at bottom ’’; in this phase the wing as it moves forward 


spreads itself and opens completely, and the flight feathers in their turn, having 
become independent of one another, are able to spring elastically into that position 
of minimum incidence which so strikingly reduces the resistance of the wing as 
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it moves upwards, and which produces the ideal conditions for the forward drive. 
li is therefore a true phase of preparation for the upward wing-beat. 

Thus it is clearly explained how the wing in its upward motion opposes six 
times less resistance than in the down-stroke. 

That the mechanism of bird flight is entirely comprised in this play of the 
flight feathers is proved by the fact that if a bird has its main flight feathers 
clipped in such a way that the wing surface is reduced by an amount so slight 
that the flying powers of the bird ought scarcely to be affected, it will on the 
contrary be quite unable to fly. This was known even in the time of Leonardo 
da Vinci, who, however, gave a totally different explanation (Codex K—folio 10).* 

We have so far been dealing with ascending flight. In the same way we can 
study horizontal flight with wings beating and determine the angles and periods 
of each phase. If we were to apply to horizontal flight the angles of incidence 
which we have encountered in ascending flight, we should arrive at inexplicable 
situations in which the wing would be clearly opposed to the direction of move- 
ment—situations which have entrapped various investigators. 

In horizontal flight with beating wings the downward phase is made with an 
average angle of incidence of the wing chord with regard to the longitudinal 
axis which is approximately 15°; hence, the angle of incidence with regard to 
the real trajectory of the wing has a linear variation from one section to another, 
its average value being approximately 10° (see Fig. 2, right-hand drawing). 

Having reached the lowest point of its stroke, at the first hint of upward 
movement, the wing profile turns on its leading edge, partly through an actual 
rotation of the ‘‘ arm ’’ and partly through the elasticity of the feathers, in an 
angle of about 35° along all the wing opening. At the same time the leading 
edge—that is to say the ‘‘ arm ’’—moves forward, which in this case also serves, 
as in ascending flight, to extend the wing fully and to render the main flight 
feathers separate and independent. But in horizontal flight this forward rotation 
of the leading edge is less marked than in ascending flight, and may be estimated 
as approximately 25°. At this point the upward phase definitely begins. Given 
the rotation of the wing surface, which I have already mentioned, the wing-tip 


ae 


as it moves meets the air with a negative incidence of about 20° as an average’ 


from wing tip to base. In this case, too, though to a lesser extent than in 
ascending flight, each flight feather turns on its calamus, and whilst it increases 
propulsion it diminishes displacement. 

From my observations it would appear that the total aerodynamic reaction has 
a downward inclination of approximately 45°. 

The photographs show that the longitudinal axis of the pigeon aiways coincides 
with its flight path, both in upward flight (see Figs. 3 and 4) and in horizontal 
flight, whether with wings beating or fixed; in hovering, on the other hand, the 
longitudinal axis forms a gradually steepening angle with the tangent of the 
flight path—an angle which may be as much as 8o-go° (see Figs. 5 and 6). 

According to my measurements, the ascensional velocity (i.e., the vertical com- 
ponent of the actual velocity) is never more than 4.25 metres/sec. Allowing that 
the pigeon weighs on an average 34c grams, the external power developed is 
1.45 kg./sec., or 0.0193 h.p.; this, with reference to the pigeon’s weight, repre- 
senting 0.057 h.p. per kilogram of weight. 

Suppose that a man weighing 75 kgs. could for an instant develop ? h.p., 
the equivalent figure in this case would only represent 0.01 h.p./kg. To make 
flight possible, the man would necessarily be equipped with some apparatus that 
would add to his weight; supposing that the apparatus weighed 75 kgs., the 
power per kilogram of weight would be reduced to 0.005. 

We see then that the bird, besides possessing a structure and constitution 
specially adapted for flight—strong bunches of muscles closely grouped, a stream- 
lined body of excellent penetrating shape, a wonderful wing surface of the highest 


* R, Giacomelli: as above—p. 194. 
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efficiency and capable of that complex movement which we have described—also 
benefits by a unit muscular power which, so far as flight mechanism is concerned, 
is almost six times more than the maximum which a man can develop for a very 
short time; whilst it would be almost eleven times greater if the same man were 
equipped with a flight apparatus weighing (for the sake of argument) 75 kgs. 

This difference does not depend essentially upon histological differences in the 
muscle tissues, but upon the grouping of the muscles. In the bird, almost all 
muscles are concentrated in the pectoral system and serve exclusively for purposes 
of flight. By comparison, the muscles of the lower limbs, the neck and tail, are 
very few. In man, on the other hand, the muscles are much more evenly 
distributed throughout the body, and only a limited number of them can be used 
in carrying out any definite external work, and more particularly in flying. 

All these observations confirm what I have already stated in a previous work 
of mine—that Nature has confined the problem of the flighi of birds, and more 
particularly of their wing-beats, within the limits of functional and constitutional 
characteristics which are absolutely inaccessible to man. 


TRANSLATOR'S Traiettoria ’’—To avoid confusion I have consistently 
translated this word as “‘ flight path ’’ when referring to the motion of the bird, 
and as ‘* trajectory ’’ when referring to the motion of the wing. 

‘Volo di arresto ’’—literally ‘* stopping flight.’’ This word is used by the 
author to signify the ‘‘ pulling up ’’ of the bird preparatory to settling on some 
object ; also apparently in the sense of actual ‘‘ hovering ’’ like a hawk. I have 
translated it in the text as ‘* hovering,’’ but in the diagrams as ‘‘ checking,”’ 
which seems to be a more accurate description of the bird’s position. 
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Issued by the 
Directorates of Scientific Research and Technical Development, Air Ministry. 


(Prepared by R.T.P.) 


No. 61. Novemper, 19388. 


The Defence of Aerial Bases (from the Italian), (V. Biani, Luftwehr, Vol. 5, 
No. 6, June, 1938, pp. 238-42.) (61/1 Italy.) 

The primary objective of the air force must be the destruction of the aircraft of 
the enemy. Since the latter cannot be forced to offer an aerial battie, an attack 
on aerial bases is most likely to yield the required results, since all aircraft neces- 
sarily spends most of its life on the ground. There are three methods of defending 
aerial bases: fighters, decentralisation and camouflage, and A.A. artillery. 

The author is of the opinion that decentralisation and camouflage, together with 
a certain amount of A.A. guns, form the cheapest and most effective method of 
defence for aerial bases. Adequate protection by fighters is questionable and in 
any case would entail supplying more fighting aircraft than bombers which are 
to be protected. This is considered bad policy since it weakens the offensive 
capacity of the air arm, which must be the primary consideration. 


Orgaaisation of Italian Air Force. (Luftwehr, Vol. 5, No. 6, June, 1938, p. 233.) 
(61/2 Italy.) 
The following new departments have been established to act in a consulting 
capacity :— 
1. Air Council (Consiglio dell’ Aria) consisting of :— 
(a) Air Minister 
(b) Under Secretary of State 
(c) Chief of the general staff of the air force 
(d) Air Marshals 
(e) Generals in command of the air force 
(f) Commanders of flying squadrons and air zones. 
The air council deals with all major questions of military and civil aviation. 
2. Supreme Command of the Air Force (Commands Superiore dell Aeronautica) 


consisting of : 
(a) Four flying officers of high rank 
(b) One general of technical services 
(c) One colonel (administrative departments) 
(d) One officer of the Air Ministry. 

The Supreme Command deals with all technical questions from the point of 
view of economics and administration. It also deals with a series of military 
matters, especially organisation and ground equipment. : 
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3. Technical Committee for Aircraft, including installations and Armament 
(Comitato per i. progetti dei velivoli delle installazioni di bordo e delle armi) . 

This committee is composed of three generals and four technical officers of high 
rank. 


Anti-Aircraft Artillery. (W. Matthey, Service in the Air Force Series, Vol. 13, 
J. Detke, Leipzig, 1938, price RM. 0.80.) (61/3 Germany.) 

This booklet is issued under the auspices of the German Air Ministry and gives 
some particulars of the training and duties of the men joining this division of the 
air force. Interesting accounts are given of a normal day’s work, manoeuvres 
and special training at a coastal gunnery school, 

Motor transport forms an important part of A.A. artillery. Thus a_ battery 
equipped with searchlights requires 42 lorries apart from trailers and motor cycles. 
In addition to mastering their specialist duties, over one third of the troops must 
be competent drivers. The weapons mentioned are: 


1. 8.8 cm. heavy gun, capable of attacking aircraft at a height of 5,000 m. and 
a distance of 9,000 m. Rate of fire 20-25 shots per minute. 

2. 2cm., to 2.7 cm. light machine gun, 200 shots per minute at a distance of 
3,000 m. (tracer ammunition). 


Carbines to repel ground attack. 


The Air Force—Ground Personnel (H. Ader) and Flying Personnel (G. Rieckhoff) 
(Vol. 11 and 12, Air Force Series, J. Detke, Leipzig, 1938, price each 
volume RM. 0.80.) (61/4 Germany.) 

A considerable proportion of the recruits coming forward every autumn and 
spring chose the air force in preference to the other arms and this enables the 
German authorities to undertake a considerable weeding out process. The two 
booklets are intended to give the would-be recruit some idea of what is required 
from the ground and flying personnel respectively. Life and training are described 
in general terms. 

The flying personnel comprises the following :— 

1. Pilots (com. and non-com. officers). 

2. Observers (officers). 

3. Assistant observers (non-com. officers). 

4. Mechanics/gunners (non-com. officers) . 

5. Wireless operators/gunners (non-com. officers) . 

The age limit is 23. 

Ground personnel include: 

1. General duties (drivers, storekeepers, etc.). 
2. Technical duties (mechanics, electricians, photographers, etc.). 

Ground personnel can volunteer for flying service and will be accepted, 
provided :— 

1. They are good soldiers (recommended to non-com. rank). 
2. Fit for air service (medical test) and give signs of special talent 
(psychological tests) . 


The Mathematics of Air Raid Protection. (J. B. S. Haldane, Nature, Vol. 142, 
No. 3,600, 29/10/1938, pp. 791-2.) (61/5 Great Britain.) 
The object of this note is to give a quantitative measure of the degree of pro- 
tection afforded by a given shelter, risk of death from high explosive bombs being 
only considered. 


Py 

3 

J 

2 


1118 ABSTRACTS FROM THE SCIENTIFIC AND TECHNICAL PRESS. 


Let n=number of bombs dropped during the war on an area A containing an 
individual (distribution of bombs assumed uniform), 
p=probability of a single bomb falling at point (x.y) in area A killing 
individual. 
Then probability P of individual being killed in the course of the war is: 


P= | p dx dy. 


To obtain the total casualties during the war, P must be summed for the 
whole nation. 

The policy of evacuation is intended to reduce n but may increase p. The 
policy of dispersal within a dangerous area reduces neither n nor p. It merely 
ensures that no single bomb will kill a large number of people while increasing 
the probability that any given bomb will at least kill one. 

The effect of shelters is to diminish the mean value of p in the immediate neigh- 
bourhood when a bomb falls and to decrease the area over which p has a value 
large enough to be taken into consideraticn. It is clear that P will depend on 
the area of the straight section of a trench which should, therefore, be as small 
as possible. Shelters with a roof must be subdivided to afford horizontal protection. 

The author suggests that it should be possible to arrive at a rough value of P/n 
for each type of shelter and concludes that the trench should be preferred in an 
area where heavy bombs are likely to fall. The best solution is, however, the 
provision of stout concrete shelters properly subdivided. In some Spanish towns 
completely bomb-proof shelters have been constructed underground and this appears 
to be the ultimate solution. 


The Need of Aircraft Observers for Ground Artillery. (A. Verdurand, Rev. de 
l’Arm. de l’Air, No. 111, October, 1938, pp. 1083-1100.) (61/6 France.) 
The author suggests the following characteristics for aircraft suitable for 
artillery observation. 
1. Small two-seater, 70 to 100 h.p., duo-control. 


speech. 
3. Max. speed 130 km./h. 
4. Min. speed 50 km./h. 
5. Take-off 100 m. 
still air. 
6. Landing run 50 m. 
7. Great manoeuvrability. 
8. No armament. 
g. Small range wireless (telegraphy and telephony) . 
10. Simple robust construction, demountable wings to facilitate lorry transport. 


Machines of this type should be quite cheap and at least two should be provided 
for each artillery group. The duo-control will enable most artillery officers to 
learn flying without having to attend special schools. 


Aircraft Cannons. (R. Maurer, Rev. de l’Arm. de I’Air, No. 111, October, 1938, 
pp. 1101-1108.) (61/7 France.) 

From the point of view of destruction, the calibre of the cannon must not be 
less than 20 mm. (shell containing 20 gm. of high explosive). Practical installa- 
tion difficulties on the other hand place an upper limit at 37 mm. calibre (50 gm. 
of high explosive). In either case the shell must be fitted with contact fuses of 
extreme sensitivity. For the same muzzle velocity, the rates of fire of these two 
guns are 500 and 200 shots per minute and the weights are 50 and 300 kg. respec- 


2. Engine placed behind crew, pilot and observer close together to facilitate | 
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tively. The main difficulty for the heavier gun is the force of recoil, which amounts 
to 1,600 kg. against 200 kg. for the 20 mm. weapon. 

On the other hand the effective range of the larger calibre is twice that of the 
smaller (2,000 m. against 1,000 m.). In spite of the urgent need of larger range, 
at the present moment only cannons of calibre 20-25 mm. are in use. 

In general all these aircraft cannons have a locked breech, and recoil as a 
complete unit. 

Only fire in the longitudinal axis (or approximately so) is generally possible. 
In the case of the fighter a well-tried installation is that of the Hispano cannon 
engine. 

One of the advantages of twin-engine fighters is the fact that the fuselage nose 
can be adapted to carry the cannon. 

In conclusion it is pointed out that the principal advantage of the cannon is 
the possibility of increased range. At close range the higher rate of fire of the 
multiple machine gun will produce better results. Long range fire requires 
accurate sights which thus become an essential feature of the installation. 


Opinions on the Technical Aspects of the Spanish War. (D. Ludwig, W.T.M., 
Vol. 42, No. 10, October, 1938, pp. 456-463.) (61/8 Germany.) 

In discussing the Spanish war and especially the effectiveness of certain types 

of weapons, it is important to remember that :— : 


The number of aircraft engaged is small. 


The equipment in heavy artillery is well below what is generally considered 
necessary. 
The territory is difficult and favours the defence. 
The troops are not sufficiently trained to take full advantage of modern 
weapons. 
It is therefore dangerous to make sweeping statements and the only definite 
conclusions which can be drawn appear to be the following :— 
1. Modern weapons, to be effective, require better trained troops and greater 
technical knowledge in leadership than has been the case in the past. 
This applies especially in attack. 
Any future war is likely to be of long duration. 
3. The number of aircraft brought down by A.A. artillery greatly exceeds 
losses due to aerial combat. The reverse was the case in 1914-1918. 
4. Fighting aircraft should have some armour protection for the pilot. 
5. Defensive measures against the tank are now so successful that this 
weapon must now be relegated to special co-operation duties. 


Thermal Effects on Bodies in an Air Stream. (W. F. Hilton, Proc. Roy. Soc., 
Series A, Vol. 168, No. 932, 10/10/38, pp. 43-56.) (61/9 Great Britain.) 

Pohlhausen’s equation for the temperature at the surface of a flat plate with 
a laminar boundary layer has been verified to within the limits of experimental 
accuracy. The theoretical temperature slope is in excellent agreement with the 
experimental value found near to the leading edge where the flow is probably 
laminar. The result near to the trailing edge is consistent with the flow being 
turbulent in this region. The linear relation between 5T and V? breaks down at 
high speeds, due to the formation of shock waves, and an inflexion occurs in 
the curve. By measurements of total head in the wake, and by force measure- 
ments on the balance, it has been verified that this inflexion is caused by a shock 
wave. Thus thermocouples may be used to detect the presence of shock waves, 
and it is suggested that by placing thermocouples on models of aeroplanes, or 
even on actual aeroplanes in flight, the parts giving rise to shock waves could 
easily be found, and modified to obtain a higher top speed. 
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Blade Interaction in Axial Flow Turbines. (M. Sedille, Tech. Moderne, Vol. 30, 
15/6/38, pp. 410-14. Eng. Absts., Vol. 1, No. 9, Section 2, Sept., 1938, 
pp- 128-9.) (61/10 France.) 

The author observes that in axial-flow turbines, pumps, fans, or compressors 
in which the blades are heavily loaded and the gap, i.e., the mean distance 
between adjacent blades, is nearly equal to or smaller than their chord-length, 
the interaction effect assumes appreciable proportions. He develops two approxi- 
mations based upon the method of conformal transformation, by means of which 
the correction-factor to be applied to the lift-coefficient deduced from the circula- 
tion around the isolated blade of infinite span can be determined. In two 
numerical examples he calculates the interaction coefficients for a lattice composed 
of Joukowsky blade-sections, arranged respectively for the design of a pump and 
a turbine, and reproduces the resulting curves of lift-coefficients plotted to a base 
of angle of incidence, together with the curve of lift-coefficients of the isolated 


blade. 


Aerodynamic Characteristics of a Large Number of Aerofoils Tested in the 
Variable Density Wind Tunnel. (R. M. Pinkerton and H. Greenberg, 
N.A.C.A. Report No. 628, 1938.) (61/11 U.S.A.) 

The aerodynamic characteristics of a large number of miscellaneous aerofoils 
tested in the variable-density tunnel have been. reduced to a comparable form 
and are published in this report for convenient reference. Plots of the standard 
characteristics are given for each aerofoil and, in addition, the important char- 
acteristics are given in tabular form. Included also is a tabulation of important 
characteristics for the related aerofoils reported in N.A.C.A. Report No. 460. 

This report, in conjunction with N.A.C.A. Report No. 610, makes available in 
comparable and convenient form the aerodynamic data for aerofoils tested in the 
variable-density tunnel since January 1, 1931. 


Aerofoil Section Characteristics as Applied to the Prediction of Air Forces and 
Their Distribution on Wings (E. N. Jacobs and R. V. Rhode, N.A.C.A. 
Report No. 631, 1938.) (61/12 U.S.A.) 


The results of previous reports dealing with aerofoil section characteristics and 
span load distribution data are co-ordinated into a method for determining the air 
forces and their distribution on aeroplane wings. Formule are given from which 
the resultant force distribution may be combined to find the wing aerodynamic 
centre and pitching moment. The force distribution may also be resolved to 
determine the distribution of chord and beam components. The forces are 
resolved in such a manner that it is unnecessary to take the induced drag into 
account. 

An illustration of the method is given for a monoplane and a biplane for the 
conditions of steady flight and a sharp edge gust. The force determination is com- 
pleted by outlining a procedure for finding the distribution of load along the chord 
of aerofoil sections. 


Operational Treatment of the Non-Uniform Lift Theory in Aeroplane Dynamics. 
(R. T. Jones, N.A.C.A. Tech. Note No. 667, Oct., 1938.) (61/13 U.S.A.) 


Problems in aeroplane dynamics are usually treated on the assumption that 
the air forces are instantly adjusted to each motion of the aeroplane. Since the 
development of recent theories for the non-uniform motion of aerofoils, it has 
become possible to consider more exact laws for the adjustment of the lift. 

The non-uniform lift theory has already been applied to certain dynamical pro- 
blems, notably to the problem of flutter. These applications have, however, been 
confined either to approximate solutions or to cases in which the type of motion 
is prescribed beforehand. The more usual problem, in which the resulting motion 
is unknown, requires the solution of integral equations. The present paper shows 
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how solutions of these equations may be obtained fairly simply by operational 
methods. 

The method is adapted to the determination of the lift under prescribed con- 
ditions of motion or to the determination of the motions with prescribed disturbing 
forces. 


The Problem of Calculating Labyrinth Packing. (K. V. Chebishova, Centr. 
Aero-Hydrodyn. Inst., Moscow, Techn. Note No. 142, 1937.) (61/14 


The present paper describes a method for calculating one-sided labyrinth pack- 
ings, based on analysis of experimental results obtained with models of labyrinth 
channels. 

The relationship between the coefficient for the loss in the labyrinth channel and 
the corresponding geometrical parameters of the latter, i.e., the value a/b where 
a=length of channel, b=its breadth, as plotted and the experimental curve 
obtained characterises both the losses due to destruction of the free jet and also 
those occurring as a result of impact when filling out the cross section after 
contraction on entering the narrow part of the channel behind the labyrinth. 

Examples are given to show the subsequent calculation of different types of 
construction of labyrinth packings, both in the form of smooth or rectangular 
channels, and also in the case of labyrinths with sharp-edged grids. 

Several calculated graphs of general character, constructed in non-dimensional 
co-ordinates, illustrate the relationship between the efficiencies of labyrinth packings 
and their individual geometrical parameters (interspace, total length, number of 
sectors and edge curvature). 


The Use of Vertical Pipes as an Overflow for a Large Tank. (A. M. Binnie, 
Proc. Roy. Soc., Series A, Vol. 168, No. 933, 25/10/38, pp. 219-37.) 
(61/15 Great Britain.) 

The performance of vertical pipes arranged as overflows in a tank was studied 
experimentally on a small scale with special apparatus, which ensured that the 
water reached the pipe inlet with no tangential component of velocity. 

Under normal conditions, the change of head with discharge was small at low 
heads. At this stage the flow was not rotational, but a considerable volume of 
air was drawn down the pipe in the form of bubbles. Above a sharply marked 
critical head, the pipe ran full and a large rise of head caused only a slight increase 
in the discharge. The effects on the critical head of lengthening the pipe and of 
sharpening its inlet end were comparatively small, but the insertion of a trumpet- 
shaped mouthpiece greatly improved the performance. 

The types of flow described by Borda as free and full flow were possible with 
overflow pipes of uniform diameter, and they resulted in a serious reduction in the 
discharge. 


Pressure Distribution Over an N.A.C.A. 23,012 Aerofoil with a Slotted and a 
Plain Flap. (C. J. Wenzinger and J. B. Delano, N.A.C.A. Report 
No. 633, 1938.) (61/16 U.S.A.) 


Pressure-distribution tests of an N.A.C.A. 23,012 aerofoil equipped with a 
slotted flap and with a plain flap were made in the 7ft. by roft. wind tunnel. A 
test installation was used in which the 7ft span aerofoil was mounted vertically 
between the upper and lower sides of the closed test section so that two-dimensional 
flow was approximated. The pressures were measured on the upper and lower 
surfaces at one chord section both on the main aerofoil and on the flaps for 
several different flap deflections and at several angles of attack. 

The data are presented in the form of pressure-distribution diagrams and as 
graphs of calculated section coefficients for the aerofoil and flap combinations and 
also for the flaps alone. The results are useful for application to rib and flap 
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structural design ; in addition, the plain flap data furnish considerable information 
applicable to the structural design of plain ailerons. 


Free-Spinning Wind Tunnel Tests of a Low-Wing Monoplane with Systematic 
Changes in Wings and Tails. II]—Mass Distribution Along the Wings. 
(O. Seidman and A. I. Neihouse, N.A.C.A. Tech. Note No. 664, Septem- 
ber, 1938.) (61/17 U.S.A.) 

Eight wings and three tails, covering a wide range of aerodynamic charac- 
teristics, were independently ballasted so as to be interchangeable with no change 
in mass distribution. For each of the 24 resulting wing-tail combinations, 
observations were made of the steady spin for four control settings and of recoveries 
for five control manipulations, the results being presented in the form of charts 
comparing the spin characteristics. 

For the tail with deepened fuselage, raised stabiliser, and full-length rudder, 
recovery was satisfactory and the results were similar to those reported for the 
basic-loading condition. For the tail with deepened fuselage, raised stabiliser, and 
short rudder, an adverse effect resulted as compared with the basic-loading results 
for the wings with Army tips and N.A.C.A. 23,012 or N.A.C.A. 6,718 section and 
for the wing with flaps. For the more nearly conventional tail, an adverse effect 
resulted for the wing with Army tips and N.A.C.A. 23,012 section, both with and 
without flaps. For the wing with N.A.C.A. 000g section and for the Army 
standard wing, this loading appeared to have a somewhat favourable effect. 


Tests of N. 85, N. 86 and N. 87 Aerofoil Sections in the Eleven-inch High Speed 
Wind Tunnel. (J. Stack and W. F. Lindsay, N.A.C.A. Tech. Note 
No. 665, Sept., 1938.) (61/18 U.S.A.) 

Three aerofoils, the N-85, the N-86 and the N-87, were tested in the 11-inch high- 
speed wind tunnel at the request of the Bureau of Aeronautics, Navy Department, 
to determine the suitability of these sections for use as propeller-blade sections. 
Further tests of the N.A.C.A. 0009-64 aerofoil were also made to measure the 
aerodynamic effect of thickening the trailing edge in accordance with current pro- 
peller practice. 

The N-86 and the N-87 aerofoils appear to be nearly equivalent aerodynamically 
and both are superior to the N-85 aerofoil. Comparisons of these aerofoils with 
the previously developed N.A.C.A. 2,409-34 aerofoil indicates that the N.A.C.A. 
2,409-34 is superior, particularly at high speeds. Thickening the trailing edge 
appears to have a detrimental effect, although the effect may be small if the 
trailing-edge radius is less than 0.5 per cent. of the chord. 


Longitudinal Stability in Relation to the Use of an Automatic Pilot. (A. 
Klemin, P. A. Pepper and H. O. Wittner, N.A.C.A. Tech. Note No. 666, 
Sept., 1938.) (61/19 U.S.A.) 

The effect of restraint in pitching introduced by an automatic pilot upon the 
longitudinal stability of an aeroplane has been studied. Customary simplifying 
assumptions have been made in setting down the equations of motion and the 
results of computations based on the simplified equations are presented to show 
the effect of an automatic pilot installed in an aeroplane of known dimensions and 
characteristics. The equations developed have been applied by making calcula- 
tions for a Clark biplane and a Fairchild 22 monoplane. (Extended abstract 
available in R.T.P.) 


Aircraft Propellers of the Future (G. W. Brady, J.S.A.E., Vol. 43, No. 4, 
October, 1938, p. 426, Transactions.) (61/20 U.S.A.) 
The requirements of propellers of the future will include the following :— 


1. Automatic synchronising control for multi-engined power plants. 
2. Unlimited pitch range with low pitch, high pitch and feather pitch stops. 


tt { 
if 
1 
i 
| 
| 
r 
tl 
h 
b 
s| 
tl 
h 
p 
7: 
i 
M 
m 
de 
ro 
4 di 
pc 
ot 
m 
m 


ABSTRACTS FROM THE SCIENTIFIC AND TECHNICAL PRESS. 1123 


Manual selective control in addition to automatic constant speed control. 
Pitch indicator. 
Four or more blades for high powers with restricted diameters. 
Improved fairing to propeller shanks on liquid cooled installations with 
tapered nose shapes. 
In addition the possibilities of a two-speed reduction gear working in conjunc- 
tion with a variable pitch propeller will require further investigation. 


Progress in Aircraft Design and Efficiency. (N. A. V. Piercy, Engineering, Vol. 
146, No. 3797, 21/10/38, p. 472.) (61/21 Great Britain.) 

The outstanding feature of modern aircraft is high speed, i.e., high wing load- 
ing. As a rough approximation, the maximum speed in m.p.h. is ten times the 
wing loading in lb./sq. foot. The high speed necessitates that the drag must be 
reduced to the utmost, not only by smoothing the surface but also by reducing 
interference effects. In this connection visual examination of three dimensional 
flow is at last coming into its own and attempts are made to establish the corre- 
sponding mathematical apparatus. 

Landing and take-off still present many problems such as ground effect which 
have important repercussions on design. 

Taken all together, however, the progress during the last few years has been 
very marked. Comparing a 1930 design with one of 1937, the pay load for 1,000 
miles in still air has been trebled, with a 30 per cent. increase in cruising speed. 
The pay load expressed in ton miles per gallon of fuel has increased by 25 per cent. 


Hydrodynamic and Aerodynamic Tests of Models of Flying Boat Hulls Designed 
for Low Aerodynamic Drag—N.A.C.A. Models 74, 74A and 75. (S. 
Truscott, J. B. Parkinson, J. W. Ebert, E. F. Valentine, N.A.C.A. Tech. 
Note No. 668, Oct., 1938.) (61/22 U.S.A.) 

The tests illustrate how the aerodynamic drag of a flying boat hull may be 
reduced by following closely the form of a low-drag aerodynamic body and also 
the manner in which the extent of the aerodynamic refinement is limited by poorer 
hydrodynamic performance. This limit is not sharply defined but is first evidenced 
by an abnormal flow of water over certain parts of the form accompanied by a 
sharp increase in resistance, i.e., ‘‘ sticking.’’ In the case of models 74A and 75, 
the sticking occurs only at certain combinations of speed, load, and trim and 
can be avoided by proper control of the trim at high water speeds. 

Model 75 has higher water resistance at low speeds and lower resistance at very 
high speeds than does model 74A. With constant-speed propellers and high take- 
off speeds, it appears that the form of model 75 would give slightly better take-off 
performance. Model 74A, however, has lower aerodynamic drag than does model 
75 for the same volume of hull. 


Method for Investigating a Wing with Ailerons. (E. E. Solodkin, Centr. Aero- 
Hydrodynamic Inst., Moscow, Tech. Note No. 146, 1937.) (61/23 
U.S.S.R.) 

A theoretical method for obtaining accurate values of the rolling and yawing 
moments, both with symmetrical and differential positions of the ailerons, is 
described ; this is based only on the results of tests of a wing with one aileron. 

Experiments carried out at the C.A.H.I. on a rectangular wing, and also foreign 
experimental work, entirely corroborate the conclusions arrived at, as regards both 
rolling and yawing moments at angles of attack a=25-30° and with the ailerons 
displaced by 6=30-35°. It is thus possible to simplify the selection of differential 
positions of the ailerons, since it can be calculated simply on the basis of results 
obtained with a wing with a single aileron. 

The results obtained make it possible to raise the question of altering the 
methods by which a wing with ailerons is investigated for the purpose of deter- 
mining the control moments. 
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International Air Traffic Accidents. (Inter. Avia., No. 589, 29/10/38, page 9.) 
(61/24 U.S.A.) 


Miles flown Miles flown (in 
Year. (in millions) Passengers killed millions) for one death, 
Rest of Rest of Rest of 
LSA; World U.S.A. World U.S.A. World 
1936 73 62 46 69 1.7 9 
1935 64 49 15 47 4-2 1.0 
1934 49 13 21 34 2.3 4 


It appears from the above that the United States are leading the world in flying 
safety, but that with the increase in flying speed there is a distinct increase in the 
number of fatal accidents. 


Engines for Light Aeroplanes. (N. M. Tilley, J.S.A.E., Vol. 43, No. 4, Oct., 
1938, p- 20. Digest of Paper, National Aeronautic Meeting, Washington, 
D.C., March 1o-11, 1938.) (61/25 U.S.A.) 


Civil aviation is interested largely in the light aeroplane which, with two persons, 
weighs about 1,000 lb. gross. It lands below 40 m.p.h. and cruises from 70 to 
gom.p.h. This year there are a number of new small engines which should greatly 
improve take-off and climb, particularly for seaplanes. 

Improvements in the life of the small engine has made possible the general 
acceptance of the light aeroplane. The increased life is due to better materials, 
relatively small modifications of design details, and improvements in cooling. 

Adequate smoothness for this power range is given by the four-cylinder hori- 
zontally opposed type engine. There is need for efficient high-speed propellers. 
The common use of low-octane fuels and low landing speeds limits the com- 
pression ratio to about 5.4:1. The ell-head type is compared with the valve-in- 
head type. Simplicity in accessories has been the practice. 

The development of the Continental Ago and A500 engines is described briefly 
with some indications of future performance. 


Supercharging Diesel Engines. (E. D Newell, J.S.A.E., Vol. 43, No. 4, October, 
1938, p. 21. Digest of Paper, National Aeronautic Meeting, Washington, 
D.C., March 10-11, 1938.) (61/26 U.S.A.) 


Various methods of supercharging Diesel engines are discussed, together with 
the names of the manufacturers employing them and some typical installations. 
The performance of Diesel supercharged engines is compared with the same 
engines operating with atmospheric induction. 

Three types of superchargers which derive their energy from the exhaust gases 
of the engines that they serve are dealt with in considerable detail, as are types 
of superchargers that derive their energy solely from the dynamic action of fluid 
columns. 

In conclusion, it is observed that supercharging is not a universal remedy, but, 
for some applications, it can be used successfully. 


Problems in the Construction of Exhaust Gas Turbines. (K. Leist, L.F.F., 
Vol. 15, No. 10-11, 10/10/1938, pp. 481-494. In course of translation.) 
(61/27 Germany.) 

The characteristic differences in the design of exhaust gas and steam turbines 
are enunciated. The influence of lightness of construction on the power output 
range, the specific weight and the load factors is discussed by means of approxi- 
mate equations and considerations of symmetry. A nomograph for determining 
the principal characteristics of exhaust gas turbines is described. The limiting 
gas temperature is deduced from stress measurements on materials and tempera- 
ture measurements on turbine blades. These permissible limits are compared with 
practical exhaust gas temperatures. Various means for controlling blade tem- 
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perature are investigated. Modern development is towards the utilisation of 
uncooled exhaust gas together with means of controlling the temperature of 
those parts which would otherwise rise to dangerous values. It appears from 
experiments carried out by the D.V.L. that the passage of external air through 
auxiliary nozzles constitutes a practical method for cooling the blades. These 
nozzles are placed along the circumference of the turbine wheel between the 
exhaust gas nozzles and are fed with cool air from the propeller slipstream. The 
basis of exhaust gas turbine control is discussed. 


Experiments on the Internal Cooling of Exhaust Turbine Blades, Operating at 
High Exhaust Temperatures. (C. Schorner, L.F.F., Vol. 15, Nos. 10-11, 
10/10/38, pp. 495-499.) (61/28 Germany.) 

Experiments were carried out by the D.V.L. on a stationary turbine blade fitted 
with various types of internal cooling passages. The cooling air was at an 
average temperature of 100°C. whilst the outer surface of the blade was exposed 
to an airstream varying between 300 and 600 m./sec. and electrically heated to 
500-800°C. With internal cooling it was found possible to produce a temperature 
drop at the leading edge of the blade amounting up to 25 per cent. of the tempera- 
ture difference between the stagnation temperature and the mean cooling air 
temperature. 

Thus if 

t,=blade temperature without. cooling. 
ty =blade temperature with cooling. 
t,;=mean cooling air temperature. 

(t, — tw) /(t,—t,) =0.25. 

For the back of the blade, this ratio could be increased to 0.50. 

Applying these results to practical conditions, it appears that for turbines 
handling a considerable quantity of exhaust gas, exhaust temperature of the 
order of 850°C, may be permissible at altitude. 

If compressed air is used for the internal cooling, a further increase in blade 
temperature to goo-950°C. is possible. 


Contribution to the Theory of the Cowled Radiator Installation Functioning with 
Heat Input. (H. Winter, L.F.F., Vol. 15, No. 1o-11, Oct. roth, 1938, 
pp. 500-504.) (61/29 Germany.) 

The author develops a simplified and yet sufficiently accurate method for 
determining the decrease in the resistance and quantity of air passing a sym- 
metrical cowled radiator installation of streamline shape when working under 
conditions of heat input. 

The results are also applicable to non-symmetrical aircraft installations. 


Investigation of a Radiator in the Wing of an Aeroplane. (S. G. Litken, Centr. 
Aero-Hydrodynamic Inst., Moscow, Tech. Note No. 147, 1937.) (61/30 
U.S.S.R.) 

Results are given of an experimental investigation of a radiator situated in the 
wing of an aeroplane. The experiments were carried out both in wind tunnels 
and also directly on an aeroplane. The results of laboratory tests show that 
when the radiator mountings are suitably situated in the wing, it is possible to 
obtain the effect of a slotted wing. 

The effect on drag of having air passing through channels situated in the wing 
is studied; the problem of the pressures occurring when the air does not pass 
through channels was also investigated. 

Flight tests were carried out in a two-engined monoplane. Radiators mounted 
under engine cowlings of the tunnel type were transferred to the wing, with 
corresponding alteration to the cowling. Tests of the aeroplane with the radiator 
mounting in the wing showed a whole series of advantages both with regard to 
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: the flight performance of the aeroplane and with regard to the durability and 
: efficiency of the given radiator. 


; Combustion Pressures in Spark Ignition Engines. (J. J. Breeze and others, 
Nature, Vol. 142, No. 3600, 29/10/38, pp. 798-9.) (61/31 Holland.) 
With the help of modern engine indicators {piezo electric, capacity, balanced 
it} pressure type, etc.) it appears now to be definitely established that the maximum 
explosion pressure in a spark ignition engine may exceed by a considerable margin 
i that calculated from classical specific heat data (in certain cases even if no allow- 
t ance for heat loss is made in the calculation). 

} 


The authors account for this by the fact that the chemical energy may be 
transformed directly into translatory energy of the molecules (excitation lag of 
if Lewis and Von Elbe), this leading to a temporary reduction of the effective 
it specific heat of the gas undergoing combustion. 
} Since both the pressure of the gas and the rate of heat transfer depend on the 
: translatory energy, this may account for the mechanical and thermal damage due 
to detonation, 


Effect of Oil Characteristics on Wear in Aviation Engines. (O. C. Bridgeman and 

M. L. Leidig, J.S.A.E., Vol. 43, No. 4, Oct., 1938, p. 19. Digest of 
' Paper, 1938 Annual Meeting, Detroit, Mich., Jan. 10-14, 1938.) (61/32 
U.S.A.) 


An analysis is reported of the general problem of wear on materials used in 
aviation engine cylinders and piston rings with particular reference to the effect 
of oil characteristics on wear. One method is described that is being used at 
the National Bureau of Standards for the investigation of oil characteristics on 
wear in aviation engines in which particular attention is given to the effect of 
compounding agents in decreasing wear. The growing number of variables that 
complicate aircraft lubrication are reviewed. 

The author concludes that wear is not an inherent property, and that no wear 
value can be assigned to any metal which will have significance except in relation 
i to the specific test conditions under which the wear value was obtained. He 
suggests that, in addition to compounding for wear control, it may be necessary 
or desirable to compound for reduction in ring-sticking, for high oiliness, for 
extreme pressure characteristics, and for protection against corrosion and rusting 
so that aircraft lubricants will be compounded to suit the characteristics desired. 


Accessory Knock Suppressors. (LL. B. Kimball, J.S.A.E., Vol. 43, No. 4, Oct., 
1938, p. 18. Digest of Paper, 1938 Annual Meeting, Detroit, Mich., 
Jan. 10-14, 1938.) (61/33 U.S.A.) 

A number of accessory knock suppressors have been created since the detona- 
tion phenomenon first became a factor in automotive design. 

Devices embodying various principles, such as the injection of water or exhaust 
gas into the carburettor, an automatic spark regulation, and carburettor-enriching 
devices, have made their appearance in one form or another. The last two 
mentioned are in common use to-day. 

A system of detonation control has been developed over a period of years for 
the automotive and aircraft fields, comprising an accessory unit which meters 
required amounts of knock suppressor into the engine at the proper time. Several 
units have been in use on privately owned cars for several years and during the 
past two years they have been in regular use on many transport planes. 

For aircraft use, the suppressor fluid was designed to have de-icing properties 
and is a very efficient carburettor and propeller de-icer. This characteristic has 
brought the system into the category of safety devices, in that aircraft carburettors 
cannot ice up on the take-off. Throttles can be left at the take-off positions for 
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a longer period of time in cases of emergency. The emergency controls can be 
used in obstinate cases of carburettor ice formation. 


C.F.R. Motor Survey. (J. B. Macauley, J.S.A.E., Vol. 43, No. 4, October, 1938, 
p. 19. Digest of Paper, 1938 Annual Meeting, Detroit, Mich., Jan. 10-14, 


1938.) (61/34 U.S.A.) 


This paper is the summary report of the Co-operative Fuel Research Motor 
Survey Section. In the survey reported the American Petroleum Institute co- 
operated with the C.F.R. in obtaining the octane requirements of current model 
cars on the road, and in determining their vapour-handling capacity. 

Octane requirements of six of the 25 1937 cars tested, corrected to 29 in hg. 
barometric pressure showed an average value of over 70 octane number with 
standard spark setting, and spark advance was found to be the principal cause 
of the spread encountered. A difference of 1,o00ft. in altitude below 6,oooft. 
was found to be equivalent to a change in requirement by about three octane 
numbers. Vapour lock was found most likely to occur on full throttle accelera- 
tion after a stop of 5 min. following the 30 min. stabilisation run, and the vapour 
pressure limits of the 23 models tested ranged from 4.2 to 12.0lb. per sq. in. 
when corrected to standard conditions. 

The report closes with the plea for the co-operation of more motor car manu- 
facturers in the motor survey work. 


Carburettor Icing. (R. Saunders, J.S.A.E., Vol. 43, No. 4, Oct., 1938, p. 20. 
Digest of Paper, National Aeronautic Meeting, Washington, D.C., March 
10-11, 1938.) (61/35 U.S.A.) 

This paper reports a study of the conditions under which ice will form in an 
aeroplane engine carburettor, and gives the results of tests made in flight to 
substantiate and amplify the study. It includes a chart for pilot’s use in connec- 
tion with a psychrometer installation to tell when icing is to be expected. 

The application of heat to intake air is considered and rules are given to guide 
pilots in the use of heat controls. The testing was done at Lima, Peru. 


Highlights on Carburation. (F. C. Mock, E. O. Wirth and W. A. Gebhardt, 
J.S.A.E., Vol. 43, No. 4, Oct., 1938, p. 21. Digest of Paper, National 
Aeronautic Meeting, Washington, D.C., March 10-11, 1938.) | (61/36 
U.S.A.) 


An important point in selecting carburettor settings is recognition of the 
tolerances which must be considered when determining limits of rich and lean 
setting, including a 4 per cent. minimum variation in metering of any given sample 
between summer and winter temperatures, plus a demonstrated variation of 6 per 
cent. in production engines off the line, along with a +3 per cent. variation 
necessary in commercial production of the carburettor itself. 

The paper then discusses actual engine mixture requirements, showing how 
the full-power mixture ratio is determined chiefly by distribution. The part load 
mixture ratio requirement, however, under which fuel economy is the main con- 
sideration, is set partly by engine friction and partly by conditions of ignition 
and flame propagation since, in obtaining light loads, the intake charge density 
is diminished while the weight of the exhaust residue remains either constant or 
increases. 

Data are given showing that the maximum improvement which might be 
expected by any possible increase in atomisation and distribution with present 
manifold systems would amount to about 3 per cent. gain in torque, but at least 
a 10 per cent. reduction in fuel consumption at full load. 

A description is given of recent developments in eliminating vapour lock and 
percolation with high volatility petrols, as well as of other recent developments. 
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Increase in Viscosity of a Mineral Oil at Rest. (A. Marcelin, Comp. Rend., 
Vol. 207, No. 15, 10/10/38, pp. 616-618.) (61/37 France.) 

A steel ball 15 mm. diameter runs down a groove in an inclined plane and 
enters a horizontal trough 20 cm. long and 2 cm. wide covered with a film of oil 
approximately 1 mm. deep. 

The length of run before the ball comes to rest is a measure of the viscosity of 
the oil. 

The author notes the following experimental results :— 

1. If the oil film on the trough has been freshly formed, using well stirred 
oil, a definite reproducible length of run for the ball is obtained. If 
now the oil film is allowed to stand several hours, a new set of values 
are obtained, the run being about 25 per cent. shorter than before. This 
new value will be maintained for several days. 

2. If, however, repeated tests are carried out with the ‘‘ aged ’’ oils at 
intervals of two minutes, the longer runs corresponding to the fresh oil 
are gradually reproduced and maintained. 

The author explains these phenomena by absorption of the polar oil molecules 
by the metal. This absorption takes time and this accounts for the shorter runs 
obtained after six hours. Repeated runs of the ball will, however, flatten out the 
polar chains and thus reduce the resistance. 


Characteristics of Insulating Oils Under Constant Temperature and Humidity. 
(H. Hirai, Electrotechnical Journal, September, 1938, pp. 206-9. Metro- 
politan Vickers Techn. News Bulletin, No. 631, 21/10/38, p. 4.) (61/38 
U.S.A.) 

It is shown experimentally that, when insulating oil, free from air and moisture, 
is kept in a container of constant temperature and humidity, the quantity of air 
absorbed by it is greatly affected by the humidity of the air, and it has been 
assumed that the main cause of the gradual decrease in the dielectric strength of 
oil corresponding to the duration of exposure is the moisture absorbed by the 
oil. It is also stressed that, in order to solve a problem of this nature, it is 
essential to study the process by which air and moisture are absorbed by the oil 
and the conditions and characteristics of the air and moisture after absorption. 
Illustrated with eleven diagrams. 


Air Track System of Aircraft Instrument Landings. (G. L. Davies, J.S.A.E., 
Vol. 43, No. 4, October, 1938, p. 18. Digest of Paper, 1938 Annual 
Meeting, Detroit, Mich., Jan. 1c-14, 1938.) (61/39 U.S.A.) 

The air track is a system embodying all the basic principles proved by the 

Bureau of Standards and meeting all the specifications set up by the air lines. 


The ground equipment comprises ultra-high frequency visual localiser, glide path, 


and marker beacon transmitters, all crystal controlled, together with a monitor 
and remote control system assuring proper indications in the aeroplane. The 
localiser and glide path transmitters are mounted in a trailer so that they may be 
located in the best position for the wind conditions existing at the time of use, 
and will not constitute a hazard when not in use. 

Immediate installation of instrument landing equipment is desirable, not only 
from the standpoint of safety, but to begin the accumulation of operating experi- 
ence which alone will permit lowering of present minimums and _ increased 
regularity of service. 

Relief of present congestion at busy airports in bad weather is another impor- 
tant function of instrument landing equipment, and it may be expected reasonably 
that the traffic handling capabilities of airports will be increased from 25 to 50 
per cent. in bad weather by the addition of landing systems. Further progress 
in instrument landing technique is up to the air lines themselves, as actual 
operating experience is now lacking. 
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Ground Training for Instrument Flying. (C. J. Crane, J.S.A.E., Vol. 43, No. 4, 
1938, p. 20. Digest of Paper, National Aeronautic Meeting, Washington, 
Washington, D.C., March ro-11, 1938.) (61/40 U.S.A.) 

Instrument flying, sometimes known and referred to as ‘“‘ blind ’’ flying, 
requires careful preparation in the technique of execution. This technique is 
built up from the classical demonstration of Ocker and Meyers evolved in the 
year 1926. From that time various ground devices have been built to assist the 
airman to master the various intellectual processes combined with physical re- 
actions which may become so complex during an instrument flight along the 
airways of the United States under aggravated weather conditions, especially 
those which do not provide the pilot of the aeroplane with the ability to see ground 
or celestial objects. 

Indeed, not only ground training devices, such as the link trainer, but also 
certain flight training devices which prepare the pilot to master the science of 
instrument flying are necessary. 


Plotted Transport Flight Plan. (A. A. Barrie, J.S.A.E., Vol. 43, No. 4, Oct., 
1938, p. 20. Digest of Paper, National Aeronautic Meeting, Washington, 
D.C., March 10-11, 1938.) (61/41 U.S.A.) 

This paper deals with the history of the practical application of the information 
acquired during the development of the optimum flight path theory. 

The flight of an airliner from point of origin to destination is divided into five 
operations, assuming that the airliner is equipped with an automatic carburettor and 
constant speed propellers. Practical limiting factors that were found to exist in all 
five classifications except one are discussed. The paper explains how the accurate 
information of existing conditions necessary to develop a plotted transport flight 
plan was obtained. 

It is explained how, by means of this flight plan, the altitude, the estimated 
flying time from point of origin to destination, and the estimated time of arrival 
over intermediate points could be predicted in advance with a great degree of 
accuracy. Actual flight examples of the operation of this plan are cited. 


The Siemens Electron Microscope. (Engineering, Vol. 146, No. 3797, 21/10/38, 
PP- 474-475) (61/42 Germany.) 

In the case of an optical microscope, the maximum possible magnification is 
limited to about 2,000 diameters since the resolving power is limited by the wave- 
length of the light. 

The wave-length of the wave system accompanying an electron is very much 
shorter than even ultra-violet light. A beam of electron can be focused by 
an electro-magnetic ‘‘ lens ’’ and, by suitable arrangements of two coils, it is 
possible to reproduce the equivalent of a microscope which will detect particles as 
small as 100 or even ro Angstrom units. With an optical microscope, on the 
other hand, the smallest visible object is of the order of 3,000 Angstrom units 
(1 A4U=1077 mm.). 

The electron microscope illustrated has a useful magnification of the order of 
30,000 diameters and interesting photographs of micro-culture taken with this 
instrument are given. The new technique will also be useful in the general 
examination of materials, such as the grinding process and abrasive wear. 


N.A.C.A. Stall Warning Indicator (Inter. Avia., No. 590, 2/11/38, p. 5. See 
also N.A.C.A. Tech. Note No. 670, 1938.) (61/43 U.S.A.) 


_ The instrument makes use of a pitot static head set close to the wing surface 
in a region where stalling occurs at an angle of attack considerably below that 
at which the main portion of the wing stalls. 

As a result of a local stall the dynamic pressure drops sharply and a pressure 
cell closes an electric circuit operating a warning device, In certain cases a 
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reference region (liable to stall early) is already known on the wing. In the 
majority of cases, this region must be produced artificially, e.g., by fitting a small 
portion of the wing nose with a projecting edge. 

In general two pressure heads are installed, one near each wing tip in order 
to allow for asymmetry of the angle of attack when banking. The device may 
be of special importance for highly manceuvrable fighter aircraft, which, during 
sharp turns and loops, may stall already at 2} times the minimum flying speed 
of the aircraft V stall= V min. , (load factor). 


The Absolute Wireless Altimeters. (H. W. Roberts, Aero Digest, Vol. 32, 
No. 11, November, 1938, pp. 87-105.) (61/44 U.S.A.) 

An instrument developed jointly by Western Electric Company Bell Telephone 
Laboratories and United Air Lines is briefly described. The altimeter is based 
on U.S. patents No. 2,043,071/2 and has undergone preliminary flight tests, 
although it is stated that a commercial form wil! not be available for some time. 
The present weight for a 5 watt installation is over 5olb. 

The altimeter measures indirectly the time lag between direct and ground 
reflected wave indirectly by a method of beats. For this purpose the frequency 
of the radiated wave is altered over wide limits at a constant rate (80/sec.) by 
means of a motor driven variable condenser. 

The frequency variation is linear (saw tooth pattern) and both direct and 
reflected wave have identical pattern and the amount of shift (difference in 
frequency) is a function of the altitude. This difference in frequency is measured 
by ‘‘ beating ’’ the direct and reflected wave. The number of beats is equal to 
the number of cycles through which the oscillator is varied for each condenser 
sweep multiplied by the number of sweeps per second and divided by the frequency 
interval through which the oscillator must be varied for one beat. 

The system thus depends only on the instantaneous difference between the 
frequencies of the direct and reflected waves as measured by the beats and can 
be calibrated directly in feet. 

Experiments are also in hand to direct the beam forward to act as a collision 
warning indicator. 


Creep of Solid Cylinders in Torsion. (M. C. Fetzer, Trans. Amer. Soc. Metals, 
Sept., 1938, pp. 850-83. Metropolitan Vickers Tech. News Bulletin No. 
629, 7/10/38, p. 7.) (61/45 U.S.A.) 

Short time tests (up to thirty-five hours) were made on 0.10 and 0.25 per cent. 
carbon steels in several conditions. Creep rates were measured during the third 
to sixth, fifth to tenth and twenty-fifth to thirty-fifth hours by the method of 
Pomp and co-workers. An attempt was then made to correlate creep rates in 
torsion with creep rates in tension, using for the latter data from Pomp and 
Hoger on similar steels. The comparisons showed that the shear creep rate in 
tension is faster than in torsion for the same shear stress, and it is suggested 
that this is due to the greater availability of slip planes in tension. 

Illustrated with 11 photographs, 13 diagrams and four tables. 


The Metalastik Process. (Machinery, 29/9/38 pp. 819-20. Metropolitan Vickers 
Tech. News Bulletin No. 629, 7/10/38, p. 9.) (61/46 Great Britain.) 

The process used by Metalastik, Ltd., for the bonding of rubber to any metal, 
involves the plating of the metal successively with copper and brass and then 
bonding and vulcanising simultaneously in steel moulds. The feature of mountings 
using this process is that there is no metal-to-metal contact and hence vibration 
transmission is at a minimum. The applications of this process are numerous 
and one example is given showing Metalastik mountings for a large press installa- 
tion. The above firm also make dynamic stabilisers and flexible couplings based 
on the bonding of rubber to metal. 

Illustrated with three photographs and one diagram. 
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Welding of Silicon Steels. (W. Spraragen and G. E. Clausser, Welding Journal, 
Sept., 1938, Suppl., pp. 1-7. Metropolitan Vickers Tech. News Bull., 
No. 628, 30/9/38, p. 7.) (61/47 Great Britain.) 

The authors review the literature on the above subject to July ist, 1937, and 
deal with the physical properties of arc welds in silicon steel. Such welds possess 
excellent tensile strength, but have poor fatigue characteristics. Further aspects 
covered by this article are recovery and pick-up, fusion welding properties, 
resistance welding, forge welding and flame cutting. Finally some problems are 
put forward suggesting a basis for future research. Illustrated with nine tables. 


Strength of a Riveted Steel Rigid Frame having Straight Flanges. (A. H. 
Stang, M. Greenspan and W. R. Osgood, Bur. Stan. J. Res., Vol. 21, 
No. 3, Sept., 1938, pp. 269-313.) (61/48 U.S.A.) 

The distribution of stress in and near the knee of a riveted steel rigid frame 
specimen having straight flanges was investigated both experimentally and 
theoretically for various conditions of loading. The theory developed for the 
distribution of stress in the knee gave stresses which agreed within the experi- 
mental error with those obtained experimentally. Reinforcing the outer corner 
was shown to have little effect on the stress distribution in the frame. ‘The maxi- 
mum load that could be sustained by the specimen was determined. 


Electronics in the Production and Fabrication of Steel. (E. H. Vedder, Electric 
J., September, 1938, pp. 339-41. Metropolitan Vickers Tech. News Bul- 
letin, No. 630, 14/10/38, p. 8.) (61/49 Great Britain.) 

The rapid response of electronic devices renders them specially suitable for many 
control purposes and in this article applications are described which utilise this 
property. A description is given of a device known as the ‘‘ Weld-o-trol ’’ which 
controls the current in the primary of the welding machine transformer by means 
of two ignitions, claimed to interrupt currents of thousands of amperes at rates as 
high as 700 times per min. Other applications receiving examination are the 
timing of flying shear apparatus and the detection by means of photo-electric 
devices of holes as small as ;/; inch diameter in steel strip moving at high speed. 
Illustrated with four photographs and two diagrams. 


A Dynamic Damper for Torsional Resonance. (Schweizerische Bauzeitung, Vol. 
3, 11/6/38, p. 303. Eng. Absts., Vol. 1, No. 9, Section 2, September, 
1938, pp. 129-30.) (61/50 Germany.) 

Dampers depending upon solid or liquid friction entail loss of energy and the 
production of heat at inconvenient points, and with slowly-running motors their 
dimensions must be large. The author describes a new damper consisting of a 
number of pendulums bolted on a face-plate normal to the shaft ; the added weight 
is negligible in comparison with their damping effect. Dimensions for counter- 
resonance can be calculated by treating the pendulum itself as resonant, 1.e., 
n*r=R, where r denotes the reduced radius of the pendulum and R its distance 
from the axis of rotation. Since r and R necessarily remain fixed, the apparatus 
is completely effective for only one critical speed. This is due to the fact that 
for a pendulum the resonance-velocity is proportional to the root of the restoring 
force, which, however, being centrifugal force, is proportional to the square of 
the rotational velocity, so that the pendulum’s own frequency is proportional to 
the speed of the shaft. In practice r can be only a few mm., with consequent 
restricted rotational moment of inertia. The heart of the device is in the use of 
a pendulum hung on double pins, when, by simple mechanics, it behaves as though 
on an arc of radius (r,—r,) /* which can be varied within wide limits. A graph 
for a six-cylinder 300 h.p. Diesel engine with and without this pendulum damper 
illustrates its remarkable efficiency. 
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Gear Cutting on Non-Circular Wheels. (K. Hoecken, Maschinenbau, Vol. 17, 


s \} July, 1938, pp. 349-50. Eng. Absts., Vol. 1, No. 9, Section 2, Sept., 

— 1938, pp. 136-7.) (61/51 Germany.) 

A \} The author observes that the application of non-circular wheels for the trans- 

. iH mission of variable speeds is frequently rejected owing to the difficulty of cutting 
the teeth ; and although in some instances steel tapes may be used as a substitute, 
ft limitations of size and of durability render them undesirable. He has, therefore, 


devised a method by means of which any shape of wheel can be toothed under 
H mass production conditions with complete accuracy and with generated tooth 
} profiles. The method consists in rolling an enlarged blank attached to one corner 
of a pantograph, along a base-line, whilst the blank to be cut is rolled along a 
i parallel line which is on the pitch-cylinder of the rack-sectioned hob used to cut 
fh the teeth. The blank to be cut is mounted on the extended limb of the pantograph, 
| and the latter is pivoted at a point between the two blanks in the ratio of their 
dimensions. The enlarged blank is rolled by steel tapes and held against the 

base-line by a cord weighted over a pulley ; the smaller blank to be cut is rotated 
i by chain gearing coupled to the enlarged blank. In order to relieve the mech- 
| anism of load the work is clamped by a magnetic chucking device; the feeding 
i : and clamping are alternate and intermittent. The author illustrates examples of 
' gears cut by his device; one of these, for radio work, has the larger wheel dupli- 
cated and staggered by a tension-spring to avoid backlash. <A bibliography is 
appended to the article. 


Crankshaft Damping. (N. S. Stern, Autom. Eng., October, 1938, pp. 360-2. 
Metropolitan Vickers Tech. News Bulletin, No. 631, 21/10/38, p. 1.) (61/52 
Great Britain.) 

One of the most important applications of the ‘‘ Metalastik ’’ process for bond- 

j ing rubber to metal is in the manufacture of dampers for shafts subjected to vibra- 

tions. The author discusses the construction of the damper, characteristics of 

j the vibrating element required before design can be commenced and the efficiency 

of the damper when applied to a crankshaft running at a critical speed. Although 

{ 


i the rubber spring in the damper is not called on to transmit torque, results show 
the strength of the bonding equal to any stresses likely to be created by torsional 
oscillations of the “‘ floating ’’ steel ring. Illustrated with three photographs and 
12 diagrams. 


Electrically Welded Joints (Part III). (A. L. Hale, Welding Journal, October, 
1938, pp. 317-20. Metropolitan Vickers Tech. News Bulletin No. 631, 
21/10/38, p. 7.) (61/53 Great Britain.) 

The author discusses the internal residual stresses in a shaped weld sub- 
jected to partial and complete restraint, and also the removal of internal stresses 
by the application of a uniform tensile force. The author also examines the 
question of plastic deformation and the neutralisation of residual stresses by 
external loading arising out of the practical application of a structure. IIlus- 
trated with seven diagrams. 


Plastics and Electrical Insulation. (L. Hartshorn, N. J. L. Megson, E. Rushton, 
Journal of the Institute of Electrical Engineers, October, 1938, pp. 474-87. 
Metropolitan Vickers Tech. News Bulletin, No. 631, 21/10/38, p. 7.) (61/54 
Great Britain.) 

This paper was submitted to a joint meeting of plastics chemists and electrical 
engineers as a contribution to a general survey of the field in which their activities 
meet. The following are discussed in the paper: (a) dielectrics and the factors 
which represent their value to the electrical engineer; (b) the various synthetic 
plastics now available and such of their properties as are of importance in elec- 
trical practice, with some general conclusions as to the lines of research which 
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may be expected to yield results profitable to both the industrial chemist and the 
electrical engineer. An experimental investigation was made into the way in which 
the electrical properties of synthetic resins of the bakelite type may be affected by 
chemical and physical factors. Illustrated with seven diagrams and three tables. 


Industrial Application of Spiral Bevel Gears and Hypoid Gears. (A. H. Candee, 
Trans. A.S.M.E., Vol. 60, No. 7, Oct., 1938, pp. 549-560.) (61/55 U.S.A.) 
The paper includes a definition of terms and a general comparison of spiral 
bevel gears and hypoid gears with other types. The features and advantages 
peculiar to each type are discussed as are also tooth contact conditions, elements 
of good and bad design, the importance of accurate mounting and assembling, size 
range and ratios, materials, and lubrication. 
Numerous illustrations of equipment used in gear manufacture are shown and 
also photographs of applications of both small and large sizes in various fields. 


Specific Heat Temperature Curves of Some Age Hardening Alloys. (N. 
Swindells and C. Sykes, Proc. Roy. Soc., Series A, Vol. 168, No. 933, 
25/10/38, pp. 237-63.) (61/56 Great Britain.) 

The changes in atomic configuration taking place during hardening affect the 
apparent specific heat of age-hardening alloys. Specific heat-temperature curves 
and hardness measurements have been obtained on five typical age-hardening 
alloys. 

The results show that in certain cases, e.g., the silver-copper and copper-beryl- 
lium alloys, maximum hardness is attained when the major portion of the chemical 
energy associated with the supersaturated solid solution has been evolved, i.e., 
precipitation has taken place. In other cases, duralumin and aluminium-copper 
alloys, maximum hardness is associated with segregation of the solute atoms in 
the parent lattice prior to precipitation. 


Stability of the Viscose Type of Ozaphane Photographic Film. (A. M. Sookne 
and C. G. Weber, Bur. Stan. J. Res., Vol. 21, No. 3, Sept., 1938, pp. 
347-52.) (61/57 U.S.A.) 

Viscose Ozaphane, a new type of film with a base of regenerated cellulose sheet- 
ing, and having certain advantages for record use, was tested to determine its 
comparative stability. Its stability was compared with that of cellulose nitrate, 
and also with that of cellulose acetate, which is widely used for film-slides, and 
which has been found to be a very stable material for preserving records in libraries. 
The viscose type of film apparently is not suitable for permanent records, but does 
appear to have properties to recommend its use for reading-room copies that can 
be replaced when they become unserviceable. The stability was determined by 
measuring changes in its chemical and physical properties under accelerated 
ageing. The changes observed were increase in acidity and copper number, and 
decrease in viscosity, weight, and flexibility. 


Photographic Sensitivity and the Reciprocity Law at Low Temperatures. (W. F. 
Berg and K. Mendelssohn, Proc. Roy. Soc., Series A, Vol. 168, No. 933, 
25/10/38, pp. 168-75.) (61/58 Great Britain.) 

1. Photographic materials show an appreciable sensitivity down to 20°K. 
Little change occurs when the temperature is dropped from go°K. to 20°K. The 
main difference is a drop in contrast and a maximum density. 

2. No reciprocity failure occurs at temperatures of go°K. and 20°K. 

3. It is suggested that at these temperatures the latent image is formed in two 
distinct stages: (a) an electronic process in which the electrons are separated 
from the bromine ions absorbing the light, and freeze into the lattice, and (b) an 
ionic process, taking place on warming up, consisting of a movement of the silver 
and probably also the bromine atoms. 
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The Properties of Glass for Heat Insulation. (Mech. Welding, 7/10/38, pp. 341-2. 
Metropolitan Vickers Tech. News Bulletin No. 630, 14/10/38, p. 4.) (61/59 
Great Britain.) 
iy! The process of extruding molten glass, collecting it and working it into blanket 
ty form for insulation purposes is described. The article continues by discussing the 
th size of fibre, the cause of oversize diameter and its effect on quality. Finally the 
MY characteristics of glass fibre insulation are examined and some details of the 
method of application given with the different external finishes for use under 
various conditions. Comparison with other insulating materials reveals glass to 
advantage over a range 250°F. to 300°F. although temperatures as high as 1,000°F. 
are permissible. Illustrated with one photograph, one diagram and one table. 


Resistance and Heat Transfer in Bundles of Tubes. (R. Javerick, Die Warme, 
8/10/38, pp. 738-43. Metropolitan Vickers Tech. News Bulletin No. 631, 
21/10/38, p. 10.) (61/60 Germany.) 

The author extends to high Reynolds numbers the existing equations for the 
resistance and heat transfer in bundles of tubes. He determines the proportion 
of the resistance and the heat transfer applicable to the individual series of tubes 
in the bundle, and also the distribution of the resistance and heat transfer over 
the depth of the individual tubes in the bundle. The article is to be concluded. 
Illustrated with five diagrams and two photographs. 


Position Finding by Wireless. (W. Immler, L.F.F., Vol. 15, No. 8, 20/8/38, 
Ppp. 409-425.) (61/61 Germany.) 

The various methods which have been developed for wireless position finding 
since the introduction of wireless are reviewed, and critically examined as to their 
relative suitability for large, medium and small distances. 

Special map projections utilised to facilitate the work are described. In addi- 
tion, the following factors are considered :— 


(1) Elliptic shape of the earth, 
(2) The error equations of directional wireless, 
(3) Variation of errors with time of day, 
(4) Homing flight, 
(5) Errors due to the antenna. 
Synopsis 
1. Introduction. 
2. Bearing and position line. 
3. The orthodrome and azimuth position line. 
4. Position finding from bearings obtained at a ground station. 
5. The geometrical properties of the azimuth position line. 
6. Weir’s azimuth diagram. 
7. Graphical representation of azimuth line in the polar zone. 
8. Calculation of azimuth line. 


g. Replacement of azimuth line by a loxodrome. 
10. The azimuth line in conical co-ordinates. 

11. The spheroidal (elliptic) azimuth line. 

12. Lines of constant azimuth difference. 

— 13. Errors in wireless position finding. 

y 14. Variation of errors with time of day. 

15. The navigation for homing flight. 

i 16. Antenne error. 

17. Bibliography (73 items). 
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The Iodine Accumulator. (C. M. R. Balbi and R. S. H. Boulding, Electrical 
Review, 30/9/38, pp. 447-8. Metropolitan Vickers Tech. News Bulletin 
No. 629, 7/10/38, p. 5.) (61/62 Great Britain.) 


This accumulator has a carbon anode and a zinc cathode whilst the electrolyte 
is a solution of zinc iodide. One of the difficulties associated with the practical 
application of this accumulator was due to the necessity for good adherence of 
iodine to the carbon anode. It is stated that this has now been overcome by the 
use of porous carbon around the anode. Most of the characteristics of this 
accumulator are given and a favourable comparison is made with lead and nickel 
cadmium types of accumulator. Some examples of the possible uses of the iodine 
accumulator are set forth. Illustrated with three photographs, three diagrams and 
one table. 


A Method for the Investigation of Upper Air Phenomena and its Application to 
Radio Meteorography. (H. Diamond, W. S. Hinman and F. W. Dunmore, 
Proc. Inst. Rad. Eng., Vol. 26, No. 10, October, 1938, pp. 1235-65.) 
(61/63 U.S.A.) 


Experimental work conducted for the United States Navy Department on the 
development of a radio meteorograph for sending down from unmanned balloons 
information on upper-air pressures, temperatures, and humidities, has led to radio 
methods applicable to the study of a large class of upper-air phenomena. The 
miniature transmitter sent aloft on the small balloon employs an ultra-high-fre- 
quency oscillator and a modulating oscillator ; the frequency of the latter is con- 
trolled by resistors connected in its grid circuit. These may be ordinary resistors 
mechanically varied by instruments responding to the phenomena being investi- 
gated, or special devices, the electrical resistances of which vary with the 
phenomena. The modulation frequency is thus a measure of the phenomenon 
studied. Several phenomena may be measured successively, the corresponding 
resistors being switched into circuit in sequence by an air pressure-driven switch- 
ing unit. This unit also serves for indicating the balloon altitude. At the ground 
receiving station a graphical frequency recorder, connected ‘in the receiving set 
output, provides an automatic chart of the variation of the phenomena with alti- 
tude. The availability of a modulated carrier wave during the complete ascent 
allows of tracking the balloon for determining its azimuthal direction and distance 
from the receiving station, data required in measuring the direction and velocity 
of winds in the upper air. 
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LIST OF SELECTED TRANSLATIONS. 


Note.—Applications for the supply of copies of translations mentioned below 
should be addressed to the Under-Secretary of State, Air Ministry (R.T.P.), 
Kingsway, W.C.2, and will be supplied, free of charge, as far as availability of 
stocks permit. 

Suggestions concerning new translations will be considered in relation to general 
interest and facilities available. 


TRANSLATION NO. AND 
AUTHOR. TITLE AND JOURNAL. 


AIRCRAFT (CONSTRUCTION AND PERFORMANCE). 


739 Kiel, G. bps ... Measurements in Flight of the Distribution of Pres- 
sure on the Wing and the Tail Unit of a Twin- 
Engined Aeroplane. (Jahrbuch der deutschen 
Lufttahrtforschung, 1937, Vol. 1, pp. 87-100.) 

741 Vedrov, V. S. .. Flight Tests and Flying Qualities of the Long 


Range Aireraft C.A.H.1.-25.  (Luschau, Vol. 4, 
No. 7, 10/7/38, pp. 151!- 8: from Aeron. Eng., 
U.S.S.R., No. 1, 1938, pp. 9-24.) 

759 Hentzen, F. HH. ... Electric Spot Welding of Duralumin in Construe- 
tion of Aircraft. (Luftwissen, Vol. 5, No. 8, 
August, 1938, pp. 279-83.) 


AERODYNAMICS AND HypDRODYNAMICS. 


682 Pohlhausen, E. ... Heat Exchange Between Solid Bodies and Liquids 
of Small Viscosity and Low Thermal Conduc- 
tivity. (Z.A.M.M., Vol. 1, No. 2, 1921, pp, 
115-21.) 

yaa Sottorf, W. ... ... Experiments with Gliding Surfaces. Part) 1V— 


Analysis of Results. (W.R.H., Vol. 19, No. 5, 
1/3/38, pp. 51-6, and No. 6, 15/3/38, pp. 65-70.) 

Bausch, K. ... .. Numerical Results on Elliptic Wings, the Incidence 
being Partly Constant, and Partly Varying 
Linearly. (L.F.F., Vol. 15, No. 5, 6/5/38, pp. 
2600-74.) 
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MATERIALS AND ELASTICITY. 
711 Giovanozzi, R. ... Forced Bending Vibrations of a Prismatic Beam 
with Internal Damping. (L’Aerotecnica, Vol. 
17, No. 12, December, 1937, pp. 1047-66.) 


740 Weigel, W. ... ... Investigations on the Structure of Plastics. 
(Z.V.D.1., Vol. 81, No. 32, 7/8/37, pp. 935-8.) 


ENGINES (FUELS AND ACCESSORIES). 


720. \Panov, ... ... Corrosion Due to Petrol Containing Ethyl Fluid. 
(Air Fleet News, U.S.S.R., Vol. 20, No. 5, May, 
1938, pp. 68-74.) 
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TRANSLATION NO. AND 
AUTHOR. TITLE AND JOURNAL. 

The V.D.M. Variable Pitch Propeller. (Flugsport, 
Vol. 30, No. 10, 11/5/38, pp. 249-53.) 

Mixture Formation and Combustion in High Speed 
Diesel Engines. (Z.V.D.1., Vol. 82, No. 1, 
1/1/38, pp. 1-14.) 

Auer, L. she ... Formule for the Performance at Altitude of Spark 
Ignition Engines. (Z.V.D.1., Vol. 82, No. 27, 
2/7/38, pp- 789-93-) 


WIRELESS. 
Ochmann, W. ... Haperiments on the Propagation of Ultra-Short 
Plendl, H. _... fra Wireless Waves. (H.F. Technik, Vol. 52, No. 2, 
August, 1938, pp. 37-44.) 
Eckart.0G.) «3. ... Refraction of Ultra-Short Wireless Waves by the 
... Atmosphere and its Effect on Propagation Along 


the Surface of the Earth. (H.F. Technik, Vol 
52, No. 2, August, 1938, pp. 44-58.) 
Pfister, W. ... . ‘Reflection of Wireless Waves at Stratified Media. 
Roth; (H.F. Technik, Vol. 51, No. 5, May, 1938, pp. 
156-62.) 


ARMAMENTS AND THEORY OF WARFARE. 


—— ... wi 2. cm.—Machine Cannon. (W.T.M., Vol. 42, 
No. 2, February, 1938, pp. 48-61.) 

—... 3-7 em.—Machine Cannon. (W.T.M., Vol. 42, 
No. 3, March, 1938, pp. 97-101.) 

Etienne, P. .... ... Atreraft v. Battleship. (Rev. de de l’Air, 
No. 102, January, 1938, pp. 59-66.) 

Rougeron, C. ... Multiplicity of Armament Types v. Standardisa- 
tion. (Rev. de Arm. de l’Air, No. 102, January, 
1938, pp. 40-58.) 


PHOTOGRAPHY AND RADIATION. 


Lichtenberger, F. .... Temperature Indicator: Measurement of Gas 
Radiation with Photo-Cells. (Jahrbuch der 
Deutschen Luftfahrtforschung, 1937, Vol. 2, pp. 


263-72.) 


Schmieschek, U.".... Rapid Drying of Aerial Photographic Films \Witk- 
out the Use of Complicated Mechanical Appara- 
tus. (Jahrbuch der Deutschen  Luftfahrtfor- 
schung, 1937, Vol. 3, pp. 104-5.) 
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ADDITIONS TO LIBRARY, 1938. 


GENERAL 


““A’’ Licence, Technical, C. G. K. Browne. 

About Petroleum, J. G. Crowther. 

Abridgments of Patent Specifications, Nos. 
440,001-460,000. 

Advisory Committee of the Science Museum, 
Report of the, for the Year 1937. 


Aerial Locomotion, E. H. Harpe and Allan | 


Ferguson. 

Aerial Navigation, Frederick Walker, 1902. 

Aerial Navigation of To-day, C. C. Turner, 
1910. 

Aerial Photography, Captain H. K. Baisley 
(Smithsonian Publication No. 3,434). 


Aero Engines and their Lubrication, C. C. | 


Wakefield & Co. Ltd. 


| 
Aerodromes—Their Location, Operation and 


Design (Translated from the German). 
(The) Aeroplane—Past, Present and Future, 


C. Grahame-White and H. Harper, 1911. | 


Aeroplane Structures, 1919, A. J. S. Pippard 
and J. L. Pritchard. 

Aeroplane Timbers, Gilbert R. Keen, 1919. 

Air and Road Transport. Reference Section 


on Air and Road Transport. Appearing | 


in the November Issue of ‘‘ Design and 
Construction.”’ 

(The) Air Annual of the British Empire, 
1938. 

Aircraft of the World Recognition Book, 


Compiled by Eric Sargents, Edited by | 


Paymr.-Lieut. E. C. Talbot-Booth. 

Aircraft Propeller Handbook, Karl Hansson 
Falk. 

(The) Aircraft Year Book for 1938, Edited 
by Howard Mingos. 

Air Law in the Making, Dr. D. Goedhuis. | 

(The) Air Mariner, by a Flying Boat Pilot. 

Airman Friday, William Courtenay. 

Airman Lost in Africa, Carel Birkby. | 

(The) Air Pilot, 1937 (3rd Edition). 

Airplane Design (Third Edition), K. D. | 
Wood. | 

Airplane Maintenance, J. H. Younger, A. F. | 
Bonnalie and N. F. Ward. | 

Airplane Structures, Volume I, A. S. Niles 
and J. S. Newell. | 

Air Power in the Next War, J. M. Spaight. 

Air Rule of the Road and Air Legislation, | 
Lieut.-Comdr. R. Sunnucks. 

Airships—Past and Present, A. Hildebrandt, 
1908. 

Air War, W. O’D. Pierce. 

Airworthiness Handbook for Civil Aircraft, 
Volume I. Design Section (A.P. 1208). 

All the World’s Airships (Aeroplanes and 
Dirigibles), Fred T. Jane, 1909. 

An Introduction to Aeronautical Engineer- 
ing. Volume I—Mechanics of Flight 
(Third Edition), A. C. Kermode. 

Alloy Steels Research Committee, 1936, 
First Report of the. 
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Angewandte Lastannahmen uber Grosse und 
Angriff. Von Luftkraften an Flugzeugen. 
Von Gerhard Siegel, V.D.1. 

Annuaire de l’Aeronautique, Lieut.-Col. J. 
Reimbert, 1929. 

(An) Application to the Principle of Super- 
position to Certain Structural Problems, 
Professor A. J. Sutton Pippard. 

Artificial and Natural Flight, Sir Hiram 
Maxim, 1908. 

(The) Art of Aviation, R. W. A. Brewer, 
1910. 

Association of Special Libraries and Informa- 
tion Bureaux, Report of the Proceedings 
of the Fourteenth Conference of the. 

Aviation—Its Principles, Its Present and 
Future, S. F. Walker. 

(The) Aviator’s Companion, Dick and Henry 
Farman and others, 1910. 

Balloons, Airships and Flying Machines, 
Gertrude Bacon. 

(The) Balloon Travels of Robert Merry, by 
Peter Parley (1897). 

Ballooning, G. May, 1883. 

Ballooning as a Sport, Major B. Baden- 
Powell. 

British Standard Specification for Synthetic 
Resin (Phenolic) Moulding Materials and 
Mouldings. 

Cadman Report. Report of the Committee 
of Enquiry into Civil Aviation. 

Carburation in Theory and Practice, R. W. 
A. Brewer, 1913. 

Chemistry Research Board, Report of the. 
Department of Scientific and Industrial 
Research. 

(The) Chosen Instrument, Norman Macmil- 
lan. 


| Civil Aviation Department 


Civil Aviation, 1936, Report on the Progress 
of. 

Civii Aviation, 1937, Annual Report on the 
Progress of. 

Civil Aviation Statistical and Technical 
Review. Department of Civil Aviation. 

Résumé of Commercial Information, Series 8, 
No. 3, August-December, 1937 (Part I). 

Résumé of Commercial Information, Series 8, 
No. 3, August-December, 1937 (Part II). 

Résumé of Commercial Information, Series 9, 
No. 1, Parts I, Il and III, January- 
February, 1938. 

Résumé of Commercial Information, Series 9, 
No. 2, March-May, 1938. 

Résumé of Commercial Information, Series 9, 
No. 3, May-July, 1938. Department of the 
Director-General of Civil Aviation, Air 
Ministry. 

Résumé of Commercial Information, Special 
Issue No. 1, 1938. Extracts from Report 
of United States Maritime Commission. 
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Issue No. 2, 1938. The Development of 
Trans-Atlantic Air Traffic. 

Résumé of Commercial Information, Special | 
Issue No. 3, 1938. | 

Résumé of Commercial Information, Special | 
Issue No. 4, 1938. Civil Aviation in | 
| 

késumé of Commercial Information, Special | 
Issue No. 5, 1938. U.S.A. Contract Air | 
Mail. 

Résumé of Commercial Information, Special | 
Issue No. 6, 1938. Extracts from the | 
Report of the Proceedings of the National | 
Airport Conference, held at Washington | 
on 6th and 7th December, 1937. 


Résumé of Commercial Information, Special | 
Issue No. 7, 1938. Regular Air Transport | 
Companies in Europe. Return showing | 
Details of Fleets in Operation as at| 
December 3lst, 1937. | 

Résumé of Commercial Information, Special | 
Issue No. 8, 1938. Number of Civil 
Aircraft. | 

Résumé of Commercial Information, Special | 
Issue No. 9, 1938. | 

Résumé of Commercial Information, Special 
Issue No. 10, 1938. Number of Registered 
Civil Aircraft. 

(The) Clouds Remember, Leonard Bridgman. 


Résumé of Commercial Information, 


(The) Conquest of the Air, A. Lawrence 
Rotch, 1909. 

(The) Conquest of the Air, John Alexander, 
1902. 

(The) Conquest of the Air, Alphonse Berget, 

1909. 

Copper in Cast Steel and Iron. 
Development Association. 

Copper Pipe-Line Services in Building. | 
Copper Development Association. 


Copper | 


Cours Supérieur de Pilotage aux Instruments 
La Maitrise du P.S.V., Jean Pointis. 

(The) Destruction of Mosquitoes in Air- | 
craft, F. P. Mackie and H. S. Crabtree 
(Reprinted from ‘‘ The Lancet ’’). 

Dictionary of Scientific Terms, C. M. Bead- 
nell. | 

(The) Development of Sheet Metal Detail 
Fittings, W. S. B. Townsend. 

(The) Development of Sheet Metal Fittings, | 
W. S. B. Townsend. 

(The) Development of Transatlantic Aircraft | 
(Pamphlet), J. C. Hunsaker. 

(Der) Dienstunterricht in der Luftwaffe. 
Handbuecher der Luftwaffe (Instruction 
Manual for the Air Force), E. Eschoeltsch. 

Directory of Planes and Engines, ‘‘ Avi- 
ation,’’ New York. 

(The) Dominion of the Air, Rev. J. M 
Bacon, 1904. 

Early Birds, Alfred Instone. 

Economies of Air Transport, S. J. Noel- 
Brown. 


Einfuhrung in die Technische Schwingungs- 
lehre, Von. Dr.-Ing. habil. Karl Klotter. 

Elastic Properties of non-Ferrous Metals and 
Alloys. Collected Data, by J. McKeown 
and E. D. Ward. 

Electric and Nuclear Physics, J. Barton 
Hoag. 

Elektron, F. A. Hughes & Company. 

Elementary Applied Mathematics, Arthur 
Morley and William Inchley. 

Elements of Quantum Mechanics, S. Dush- 
man. 

Engineering Mechanics—Dynamics, S. Timo- 
shenko and D. H. Young. 

Engineering Mechanics—Statics, S. Timo- 
shenko and D. H. Young. 

Entwurf und Berechnung von Flugzeugen, 
Band I, C. J. E. Volkmann. 

Entwurf und Berechnung von Flugzeugen, 
3and II, Rumpf, Gerhard Otto. 

Etude du Calcul d’un Fuselage monocoque 
en tenant compte de la Résistance des 
Toles de Recouvrement, Bulletin du Service 
de |’Aéronautique, No. 18, May, 1938. 

Extensions of the New Family of Wing 
Profiles, by R. W. Piper, M.Sc. (from 
the Philosophical Magazine, Series 7, 
December, 1937). 

(Der) Facharbeiter im Flugzeugbau (Trades- 
manship in Aeronautical Production), R. 
Hofmann. 

Factory Organisation, Clarence H. Northcott, 
Oliver Sheldon, J. W. Wardropper and 
L. Urwick, 1928. 

Faraday and his Metallurgical Researches, 
with Special Reference to their Bearing on 
the Development of Alloy Steels, by Sir 
Robert Hadfield, Bart. 

Fighting Planes of the World, Commander 
E. C. Talbot-Booth, R.N.R. 

(The) Fine Structure of Matter, C. H. 
Douglas Clark. 

Firth-Brown Centenary, 1837-1937, 100 Years 
in Steel. 

Flight Handbook. A Guide to Aeronautics. 

(The) Flight of Birds, C. Horton-Smith. 

Flight-Velocity, Arnols Samuelson, 1906. 

Flug durch Muskelkraft (Muscle Power 
Flight), H. G. Schulze and W. Stiasny. 

Flugtechnisches Handbuch, Band IV. 
Atmosphere, Wetter, Physikalische und 
Technische Tabellen, Ballons und Luft- 
schiffe, Dr.-Ing. Roland Eisenlohr. 

Flugzeug-Typenbuch. Handbuch der Deut- 
schen Luftfahrt-Industrie. 

Flugzeug Wartung I. Die Wartung des 
Triebwerks, Boehne. 

Flugzeugbau und Luftfahrt, Von. Ing. Cl. 
Bohne, V D.Eh. 

Flying and Some of its Mysteries, V. E. 
Johnson, 1912. 

Flying Training Manual. 
planes (A.P. 129). 


Part I—Land- 


nd 
er- 
ns, 
im 
er, 
igs 
nd 
Ty 
es, 
by 
‘n- 
tic 
nd 
tee 
1e. 
ial 
il- 
he 
cal 
8, 
8, 
9, 
9, 
9, 
he 
\ir 
ial 
ort 


1140 


Flying—The Why and Wherefore, ‘‘Aero- 
Amateur.’”’ 

Fortschritte in Luftfahrt und Flugtechnik, 
Zuerl. 

Four-Figure Tables, C. Godfrey and A. W. 
Siddons. 

(Der) Frontflieger, Von Baron Elard von 
Loewenstein. 

Gas Starter Systems for Aero Engines 
(A.P. 1181) 

General Discussion on Lubrication, Volumes 
I and MII, Institution of Mechanical 
Engineers. 

Gliding and Motorless Flight, L. Howard- | 
Flanders and C. F. Carr, 1930. 

(The) Grammar of Science, Karl Pearson. 

Handbook of Aeronautics, Volume III. 
Design Data and Formulae—Aircraft and 
Airscrews. 

Handbook of Information, including Indexed 
Lists of British Standard Specifications 
and Methods of Tests, British Standards | 
Institution. 

Hauptversammlung 1937 der Lilienthal- 
Gesellschaft fiir Luftfahrtforschung, J. C. 
Hunsaker. 

Heat Engines, A. C. Walshaw. 

Heat-Resisting Steels, Dr. W. H. Hatfield. 

(A) Height Computer for Use in Aerological 
Work (Pamphlet), E. G. Bilham. 

Historia Bibliografia E Iconografica de la 
Aeronautica en Espana, Portugal, Paises 
Hispano-Americanos y Filipinas, Pedro 
Vindel, Graciano Diaz Arquer. Prologo 
de Emilio Herrara. 

History of Aeronautics. A Selected List of 
References to Material in the New York 
Public Library. Compiled by William B. 
Gamble. 

How to Become an Air Pilot, Captain R. L 
Preston. 

How to Build an Aeroplane, Robert Petit, 
1910 (Trans. from the French by T. O’B. | 
Hubbard and J. H. Ledeboer). 

How to Build a 20ft. Biplane Glider, A. P 
Morgan, 1909. 

Hughes’ Tables for Sea and Air Navigation, 
L. J. Comrie. 

Hydraulic Actuating Equipment for Aircraft, 
R. H. Bound. 

Independent Springing, Dr. F. W. Lan- 
chester. 

International Association for Testing) 
Materials, London Congress, April, 1937. | 

International Index to Aeronautical Reports, | 
1937 (S.B.A.C.). 

Jahrbuch 1937—Der Deutschen Luftfahrt- | 
forschung. 

Jahrbuch 1937-38—Der Deutschen Akademie | 
der Luftfahrtforschung. 

Jane's All the World's Aircraft, 1937. Com-| 
piled and Edited by C. G. Grey and | 
Leonard Bridgman. 

Kampf um das Luftmeer (Struggle for the 
Conquest of the Air), Paul Kettel. 
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(The) King’s Services. Edited by Clarence 
Winchester. 

(Die) Knickfestigkeit eines Zentrisch 
Gedrueckten, geraden Stabes in Elastichen 
und Unelastichen Bereich, Ylinen. 

L’Aeroplane Pour Tous, L. Lelasseux and 
René Marque, 1909. 

Last Flight, Amelia Earhart. 

L’Astronautique, Robert Esnault-Pelterie. 

L’ Astronautique. Complétment. Robert 
Esnault-Pelterie. 

Lecons sur la Construction des Avions, M. 
Suffrin-Hébert. 

Premiére Partie : Constitution Générale 
des Avions et Hydravions. 

Seconde Partie: I. La Construction des 
Pieces D’Avions. Kappel des Régles 
de Calcul des Avions Vcilure—Mats— 
Haubanage. 

Seconde Partie: II. Fuselages, Fermes, 
Gouvernes, Atterrisseurs, Groupe Moto- 
Propulseur  Aménagement, Montage, 
Réglage. 

Les Flottes de l’Air en 1937, Robert Gruss. 

Light Aluminium Alloys Containing Nickel. 
Bibliography compiled in the Research 
and Development Department of the Mond 
Nickel Company Ltd., 1938. 

Luftwacht, F. A. Fischer von Poturzyn. 

(Die) Luftwaffe der Gegenwart, by G. W. 
Feuchter. 

Machine Design, Construction and Drawing, 
H. J. Spooner, 1913. 

Manual of Practical Mathematics, Frank 
Castle. 

Manual of Air Force Law, Air Ministry. 

Mathematics for Engineers (8th Edition), 
W. N. Rose. 

Materials of Construction Used in Aircraft 
and Aircraft Engines, Report on the, C. F. 
Jenkin, 1920. 

Metal Aircraft for the Mechanic, J. Healey. 

Metal Airplane Structures, Major Flavius 
Loudy. 

Metallfarbung, Krause. 

Metallography (4th Edition), C. H. Desch. 

Metallurgical Abstracts (General and Non- 
Ferrous), Edited by G. Shaw-Scott. 

Metallurgy and its Influence on Modern 
Progress, by Sir Robert Hadfield, Bart. 

(The) Metallurgy of Aluminium and Alu- 
minium Alloys, R. J. Anderson, 1925. 

Military Aeroplanes, Grover C. Loening, 
1917. 

Model Balloons and Flying Machines, J. H. 
Alexander, 1910. 

Modern Aircraft, 1927, Victor W. Page. 

Modern Development in Fluid Dynamics. 
Composed by the Fluid Panel of the 
Aeronautical Research Committee and 
Others. General Editor, S. Goldstein. 
(In two Volumes. ) 

My Life, Jean Batten. 

My Airships, Santos Dumont, 1904. 
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(The) National Geographic Society. U.S. 
Army Air Corps Stratosphere Flight of | 
1935 in the Balloon ‘‘ Explorer II.’’ 

(The) National Physical Laboratory Report | 
for the Year 1937. 

Natural Stability in Aeroplanes, W. Le 
Maitre, 1911. 

Navigating the Air, Aero Club of America, | 
1907. 

(The) New Art of Flying, Waldemar 
Kaempffert, 1911. | 

On the Flow of Gases at High Speed | 
(Pamphlet), T. E. Stanton, 1926. 

Over the North Pole, George Baidukov. 

Passenger by Air, Richard Coke. 

Pegasus II. M.2 and Il. M3 Aero Engines. 

Physical Science in Modern Life, E. G. 
Richardson. 

Physics and Reality (Pamphlet), Albert 
Einstein. 

Physik der Luftfahrt (Part 13 of Physik fur 
hohere Lehranstalten). 

Physik der Luftfahrt, J. Schnippenkoetter 
and T. Weyres. 

Pilot’s ‘‘A’’ Licence (8th Edition), J. F. 
Leeming. 

Pitman’s Handbook of Commercial and 
Technical Education. 

Pocket-Book of Aeronautics, 1907, Hermann | 
W. L. Moedebeck. 

Practical Aerodynamics, Part I, Major B. 
Baden-Powell. 

Practical Kites and Aeroplanes, Frederick 
Walker, 1903. 

(The) Principles of Motor Fuel Preparation | 
and Application, Volume I (2nd Edition), 
A. W. Nash and D. A. Howes. 

(The) Principles and Practice of Lubrication, | 
A. W. Nash and A. R. Bowen. 

Public Health (Aircraft) Regulations, 1938. 
Ministry of Health Pamphlet. 

(The) ‘‘Q’’ Code and Other Abbreviations 
to be Used in the Civil Aeronautical Radio 
Service (A.P. 1529) (2nd Edition). 

R.101 Enquiry, Report of the. 

Recent Work on Moisture in Wood. Forest 
Products Research Special Report No. 4. 


Researches and Experiments in Aerial Navi- 
gation, S. P. Langley, 1908. 

(The) Royal Air Force Year Book, 1938, 
Leonard Bridgman. 

Schiffe Erobern die Luft, Von Heinz | 
Luedecke. 

Schwimmende Inseln Flughilsschiffe-Z willings- 
flugzeug, Von Walter Zuerl. 

(The) Science of Petroleum, Volumes I-IV. 
Edited by A. E. Dunstan, A. W. Nash, 
B. T. Brooks and Sir Henry Tizard. 

Scientific Encyclopedia, Van Nostrand. 

(Die) Seemannschaft in der Luftwaffe, by 
Theo. E. Sénnichsen. 

(A) Short History of Balloons and Flying 
Machines. Edited by Lord Montagu, 1907. 

Sound, Arthur Tabor Jones. 


Special Problems Connected with the Take-off 
and Landing of Aircraft, J. J. Green 
(National Research Council of Canada). 

Stabilitats und Leistungsberechnungen fur 
Flugzeuge, Dipl. Ing. Gerhard Otto. 

(The) Steam Engine and Other Heat 
Engines, J. A. Ewing, 1899. 

Straightaway Review, Straight Corporation 
Ltd. 

Stratosphere and Rocket Flight (3rd 
Edition), Chas. G. Philp. 

Strength of Materials, Arthur Morley. 

(The) Strength of Materials, John Case. 

Study of Transparent Plastics for Use on 
Aircraft, Benjamin M. Axilrod and Gordon 
M. Kline, U.S. Department of Commerce 
Research Paper, R.P. 1031. 

Supercharging for Ground Engineers, C. E. 
Jones. 

Symposium on Propellers. Papers read 
before the North-East Coast Institution 
of Engineers and Shipbuilders. 

Tafeln fiir den Flugzeugbau (Tables for 
Aeroplane Construction), Joachim Bittner. 

Teach Yourself to Fly, Nigel Tangye. 

Terminologia Aeronautica, R. Giacomelli. 

Theoretical Hydrodynamics, L. M. Milne- 
Thomson. 

Timber—Its Structure and Properties, H. E. 
Desch. 

Transaer (Handbook of International Air 
Transport, 1937). Edited by Fischer von 
Poturzyn, Dr. Heinz Orlovius, and August 
Dresel. 

(The) Treatment of Problems in Engineer- 
ing by Dimensional Theory, Dr. F. W. 
Lanchester. 

Trunk Air Routes of Europe. Shell Aviation 
Department. 

Utilazzazione dell-energia del vento in 
Tripolitania,’’ by Ing.-Dott. Sergio 
Panurio. Societa Italiana per I] Progresso 
Delle Scienze. 

Ventilatoren (Ventilators), Dr.-Ing. Bruno 
Eck. 

(Das) Verschwindfahrwerk. Von Walter 
Zuerl. 

Volume Commemorativo del XXV_ Annuale 
del Laboratorio di Aeronautica del R. 
Politecnico di Torino. Atti del Convego 
Della Associazione Italiano di Aerotecnica. 
Istituto Poligrafico Dello Stato, Rome. 

Werkstoffkunde fur den Flugzeug u. Motoren- 
bau. Flugzeug-Typenbuch. Herausge- 
geben von Dipl. Ing. Helmut Schneider. 

George Westinghouse Commemoration. <A 
Forum Presenting the Career and Achieve- 
ments of George Westinghouse on the 90th 
Anniversary of his Birth, American Society 
of Mechanical Engineers. 

What About the Airship? Commander C. E. 
Rosendahl. 

Where Do We Go From Here? Edited by 
Joseph Mayers and Bernard Spiers. — 
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Winged Warfare, Major W. A. Bishop, V.C., | 
D.S.0.,. B.C. 
Wireless Direction Finding (Third Edition), | 
R. Keen. | 
Woeterbuch des Flugwesens, K. Anders and 
H. Eichelbaum. | 
Women with Wings, Pauline Gower. 
Wonderful Balloon Ascents, from the French | 
of F. Marion (1783). 
(The) World’s Airways, Robert Finch. 
Worterbuch des Flugwesens (Aeronautical | 
Glossary). 
X-Ray Study of a New Aviation Alloy in| 


Connection with Mechanical  Stressing | 
(Pamphlet), Th. Theodorides. 

Zinc Base Alloy Die Casting Development 
Imperial Smelting Corporation. 

METEOROLOGY 

(The) Climate of the British Isles, E. G 
Bilham. 

Forecasting Weather, Sir Napier Shaw, 1923. | 

Meteorology in Relation to Air Navigation, | 
Air Ministry Meteorological Office. 

Northern Lights, A. S. Eve (Smithsonian 
Publication No. 3, 419). 

Squalls at Karachi, P. R. Krishna Rao. 
India Meteorological Dept. 


No. 619, Drag of Cylinders of Simple Shapes, 
W. F. Lindsey. 

No. 620, Pressure Distribution Over Air- 
. foils with Fowler Flaps, by Carl J. 
Wenzinger and Walter B. Anderson. 
No. 621, Compressible Flow About Sym- 
metrical Joukowski Profiles, by Carl 

Kaplan. 

No. 622, A Photographic Study of Com- 
bustion and Knock in a Spark-Ignition 
Engine, by A. M. Rothrock and R. C. 
Spencer. 

No. 623, A Study of the Torque Equilibrium 
of an ‘‘Autogiro ’’ Rotor, by F. J. Bailey, 
Jnr. 

No. 624, Two-Dimensional Subsonic Com- 
pressible Flow Past Elliptic Cylinders, 
Carl Kaplan. 

No. 625, A Discussion of Certain Problems 
Connected with the Design of Hulls of 
Flying Boats and the Use of General 
Test Data, Walter S. Diehl. 

No. 626, The Transition Phase in the Take- 
off of an Airplane, J. W. Wetmore. 

No. 629, On Some Reciprocal Relations in 
the Theory of Non-stationary Flows, by 
I. E. Garrick. 


Upper Winds Measured at M/Y “‘ Imperia,’’ | Teehnical Notes 


Mirabella Bay, Crete, by J. Durward. 


NATIONAL ADVISORY COMMITTEE FOR. 
AERONAUTICS 
Technical Reports 

No. 610, Tests of Related Forward-Camber 
Airfoils in the Variable-Density Wind 
Tunnel, E. N. Jacobs, R. M. Pinkerton 
and Harry Greenberg. 

No. 611, Wind-Tunnel Investigations of 
Tapered-Wings with Ordinary Ailerons 
and Partial-Span Split Flaps, by Carl J 
Wenzinger. 

No. 612, Heat-Transfer Processes in Air- 
Cooled Engine Cylinders, by Benjamin 
Pinkel. 

No. 613, The Variation with Reynolds 
Number of Pressure Distribution over an 
Airfoil Section, by Robert M. Pinkerton 

No. 614, Pressure Distribution over an 
N.A.C.A. 23012 Airfoil with an N.A.C.A. 
23012 External-Airfoil Flap, by Carl J. | 
Wenzinger. 

No. 615, Column Strength of Tubes Elastic- 
ally Restrained Against Rotation at the 
Ends, by William R. Osgood. 

No. 616, Interrelation of Exhaust-Gas Con- 
stituents, by Harold C. Gerrish and Fred 
Voss. 

No. 617, Auto-Ignition and Combustion of 
Diesel Fuel in a Constant-Volume Bomb, 
Robert F. Selden. 

No. 618, Comparative Flight and Full-Scale | 
Wind-Tunnel Measurements of the Maxi- | 
mum Lift of an Airplane, Abe Silverstein. | 

S. Katzoff and James A. Hootman. 


No. 608, Free-Spinning Wind-Tunnel Tests 
of a Low-Wing Monoplane with Systematic 
Changes in Wings and Tails. I.—Basic 
Loading Condition, Oscar Seidman and 
A. I. Neihouse. 

No. 609, Considerations Affecting the Addi- 
tional Weight Required in Mass Balance 
of Ailerons, W. S. Diehl. 

No. 610, Effect of Air-Entry Angle on Per- 
formance of a Two-Stroke-Cycle Com- 
pression-Ignition Engine, by S. L. Earle 
and F. J. Dutee. 

No. 611, The Sonic Altimeter for Aircraft, 
C. Draper. 

No. 612, Spinning Characteristics of Wings. 
III—A Rectangular and a Tapered Clark 
Y Monoplane Wing with Rounded Tips, 
M. J. Bamber and R. O. House. 

No. 613, The Effect of Curvature on the 
Transition from Laminar to Turbulent 
Boundary Layer, Milton Clauser and 
Francis Clauser. 

No. 614, Fuselage-Drag Tests in the Variable- 
Density Wind Tunnel : Streamline Bodies 
of Revolution, Fineness Ratio of 5, Ira 
H. Abbott. 

No. 615, Motion of the Two-Control Air- 
plane in Rectilinear Flight after Initial 
Disturbances with Introduction of Con- 
trols following an Exponential Law, 
Alexander Klemin. 

No. 616, The Measurement of Air Speed of 
Airplanes, F. L. Thompson. 

No. 617, Stability of Structural Members 
under Axial Load, Eugene E. Lundquist. 
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No. 618, Increasing the Strength of 
Aluminium-Alloy Columns by Pre-stress- 
ing, M. Holt and E. C. Hartmann. 

No. 619, Compression-Ignition Engine Per- 
formance at Altitudes and at Various Air 
Pressures and Temperatures, C. S. Moore 
and J. H. Collins, Jnr. 

No. 620, Energy Loss, Velocity Distribution 
and Temperature Distribution for a} 
Baffled Cylinder Model, M. J. Brevoort. | 


No. 621, Pressure Drop Across Finned Cylin- | 
ders Enclosed in a Jacket, V. G. Rollin | 
and H. H. Ellerbrock, Jnr. 

No. 622, Flight Tests of an Airplane Show- 
ing Dependence of the Maximum Lift 
Coefficient on the Test Conditions, by 
H. A. Soulé and James A. Hootman. 

No. 623, Maximum Forces Applied by Pilots 
to Wheel-Type Controls, by William H. 
McAvoy. | 

No. 624, Performance Characteristics of 
Venturi Tubes Used in Aircraft for 
Operating Air-Driven Gyroscopic Instru- 
ments, by H. Sontag and D. P. Johnson. 

No. 625, Spinning Characteristics of Wings. 
IV—Changes in Stagger of Rectangular 
Clark Y Biplane Cellules, by M. J. Bamber 
and R. O. House. 

No. 626, Static Thrust Analysis of the 
Lifting Airscrew, by Montgomery Knight 
and Ralph A. Hefner. 

No. 627, Pressure Distribution over a Clark 
Y-H Airfoil Section with a Split Flap, by 
Carl J. Wenzinger. 

No. 628, Plastics as Structural Materials for 
Aircraft, by G. M. Kline. 

No. 629, A Sound Pressure-Level Meter 
Without Amplification, by E. Z. Stowell. 

No. 630, Free-Spinning Wind-Tunnel Tests 
of a Low-Wing Monoplane with Systematic 
Changes in Wings and Tails. I1—Mass 
Distributed Along the Fuselage, by Oscar 
Seidman and A. I. Neihouse. 

No. 631, Wind-Tunnel Tests of Carburettor- 
Intake Rams, by F. H. Highley. 

No. 632, Improvement of Aileron Effective- 
ness by the Prevention of Air Leakage 
Through the Hinge Gap as Determined in 
Flight, by H. A. Soulé and W. Gracey. 

No. 633, Spinning Characteristics of Wings. | 
V—N.A.C.A. 0009, 23018 and 6718 Mono- | 
plane Wings, by M. J. Bamber and R. O. | 
House. | 

No. 634, The N.A.C.A. Optical Engine | 
Indicator, by Robert E. Tozier. 

No. 635, Tank Tests of a Model of One Hull 
of the Savoia S-55-X Flying Boat, | 
N.A.C.A. Model 46, by John M. Allison. | 

No. 636, The Estimation of the Rate of 
Change of Yawing Moment with Sideslip, | 
by Frederick H. Imlay. 

No. 637, Preliminary Fatigue Studies on | 
Aluminium Alloy Aircraft Girders, by | 
Goodyear Zeppelin Corporation. 


No. 638, Tank Tests of Model 36 Flying 
Boat Hull, by John M. Allison. 

No. 639, A Preliminary Investigation of 
Boundary Layer Transition Along a Flat 
Plate with Adverse Pressure Gradient, by 
Albert E. Von Doenhoff. 

No. 640, Interference of Wing and Fuselage 
from Tests of Eighteen Combinations in 
the N.A.C.A. Variable-Density Tunnel 
Combinations with Split Flaps, by Albert 
Sherman. 

No. 641, Interference of Wing and Fuselage 
from Tests of Seventeen Combinations in 
the N.A.C.A. Variable-Density Tunnel 
Combinations with Special Junctures,’ by 
Albert Sherman. 

No. 642, Interference of Wing and Fuselage 
from Tests of Eight Combinations in the 
N.A.C.A. Variable-Density Tunnel Com- 
binations with Tapered Fillets and Straight- 
Side Junctures, by Albert Sherman. 

No. 643, A Study of Flying Boat Take-off, 
Walter S. Diehl. 

No. 644, Flight and Wind-Tunnel Tests of 
an XBM-1 Dive Bomber, Philip Donely 
and Henry A. Pearson. 

No. 645, Some Aspects of the Stalling of 
Modern Low-Wing Monoplanes, Hartley 
A. Soulé and Melvin N. Gough. 

No. 646, Wind-Tunnel Tests of a Two- 
Engine Airplane Model as a Preliminary 
Study of Flight Conditions Arising on the 
Failure of One Engine, Edwin P. Hartman. 

No. 647, Engine Performance and Knock 
Rating of Fuels for High-Output Aircraft 
Engines, A. M. Rothrock and Arnold E. 
Biermann. 


No. 648, The Increase in Frictional Resistance 


Caused by Various Types of Rivet Heads 
as Determined by Tests of Planing Sur- 
faces, Starr Truscott and J. B. Parkinson. 

No. 649, The Effect of Air Passage Length 
on the Optimum Fin Spacing for Maximum 
Cooling, Maurice J. Brevoort. 

No. 650, Wind-Tunnel Tests of a Clark Y 
Wing having Split Flaps with Gaps, Carl 
J. Wenzinger. 


No. 651, Effect of Spark-Timing Regularity 


on the Knock Limitations of Engine 
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CORRESPONDENCE. 


THE CONSTANT SPEED VARIABLE PITCH AIRSCREW. 
To the Editor of the JouRNAL oF THE RoyaAL AERONAUTICAL SOCIETY. 


Sir,—From the time the possibilities of the aeroplane began to be understood, 
which was only a few years ago, the importance of the airscrew as the real 
organ of propulsion was realised, although this was only after attempts (such 
as by Dedalus and Icarus) to imitate the flight of birds by wings and vibrating 
surfaces. 

Records of the Royal Aeronautical Society, which was founded in 1866, of 
which the Duke of Argyll was the first President, show that many contributions 
had been made in the form of papers dealing with the subject. 

An Aeronautical Exhibition was held under the patronage of the Society at 
the Alexandra Palace as early as 1885, of which the writer of this note was one 
of the three jurors. Amongst many other exhibits there was a machine by the 
Border Aerial Transit Company for measuring the lifting power of revolving 
screws. The trial of this machine was memorable from the fact that one of the 
blades of an airscrew revolving at a high rate became detached and caused a 
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serious accident to Mr. F. W. Brearey (the first Secretary of the Society). The 
report prepared of the trial states that happily Mr. Brearey completely recovered, 
but gave a warning of the dangerous nature of a revolving screw and the necessity 
for its proper construction. 

The writer himself in his Presidential Address to the Liverpool Engineering 
Society in 1894 (nearly half a century ago) gave an account of the Maxim flying 
machine, the most ambitious attempt at an aeroplane that was ever made up to 
that time. The width of the whole machine was 104 feet, and the length 
125 feet; there were two large screw propellers, each 7 feet in diameter, 16 feet 
pitch and 6 feet wide, made of canvas stretched on framework, and driven by a 
steam engine. 

Although this machine never really flew, in its trials the weight lifted, which 
included three men on board, was no less than 8,o00 pounds. 

In the annals of the Society an account has been given of various papers on 
airscrews. Major Baden-Powell, who in 1904 was President of the Society, read 
one on ‘* Experiments with Aerial Screw Propellers,’’ and with others had 
experimented with different shapes of airscrew. 

The scientific aspect of the form and strength of the airscrew was_ often 
discussed as an engineering problem, and an account of the graphic method of 
calculation by Captain Ferber (one of the many pioneers to lose their lives in 
aviation) was given by the writer in a paper on ‘* Aeronautical Engineering *’ 
in 1910,* and a curve of efficiency is shown. 

The construction of the propeller itself, sufficiently strong and light for its 
purpose, was difficult enough, but the idea of producing a propeller in which the 
angle of pitch could be varied automatically, we are told by Lord Sempill (Royal 
Aeronautical Reprint No. 31, p. 15), had been discussed at nearly every meeting, 
at the commencement of the war, of the Advisory Committee on Aeronautics 
(of which he was a member); the outcome of the above discussions was a produc- 
tion of a variable pitch airserew at the Roval Aircraft Factory. 

On December 3rd, 1924, Mr. Beacham and the writer lodged (as joint inventors) 
a provisional patent (No. 29015/24) entitled, *‘ Feathering Screw Propellers,” 
and the complete patent was accepted in April, 1926 (No. 250,292). The opening 
sentence of the provisional patent was :—- 

‘* Our invention is a new method of feathering propellers by means of 
hydraulic pressure.”’ 

In the complete specification the invention was described in detail by means 
of diagrams, and with ten claims attached. The first of the latter is as follows :— 

Cuiamm 1.—‘* Driving mechanism for aircraft and the like comprising a 
propeller having its blades capable of swivelling movement about axes to 
vary their pitch, an engine for driving said propeller, a hydraulic system 
of transmission for moving said blades about their axes and a governor 
mechanism driven by the engine and operating to control the hydraulic 
transmission mechanism and as a consequence the pitch of the, blades in 
relation to the engine speed.”’ 

The remaining nine claims and descriptive matter disclose details such as hand 
control of the governor, and subsequent patents have been taken out in connection 
with such details. 

An estimate was invited, addressed to Messrs. Hele-Shaw Beacham, by the 
Director of Contracts of the Air Ministry, 28th February, 1925, for an all-metal 
variable pitch airscrew, suitable for a Condor Series III engine. This estimate 
which was for £1,500 was sent on 6th March, 1925, and was accepted in a letter 
by the Director of Contracts on 1st May, 1925. 

The designs were shown and the Director of Technical Development, who 
expressed his satisfaction, asked for the general arrangement drawings. 


* Trans. of Liverpool Engineering Society, Vol. XXXI. 
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These drawings were duly sent and approved of and the first Hele-Shaw 
Beacham propeller was made, the blades by Messrs. Metal Propellers, Ltd., of 
Croydon, and the hub by Messrs. Harper, Sons and Bean, of Dudley. 

In August of that year (1925) spinning trials were held and finally a successful 
flight was made. 

In view of the fact that the inventors were not in a position to manufacture 
themselves or enter into contracts, they were fortunate in securing the co- 
operation of the Gloster Aircraft Co., Ltd., with whom they entered into an 
agreement in August, 1926. Under this agreement a number of Hele-Shaw 
Beacham airscrews were made, and eleven were supplied to the Air Ministry 
after successfully passing all tests. 

On the 12th April, 1928, a paper, entitled ‘‘ The Variable Pitch Airscrew,’’ 
was read by Mr. Beacham and the writer before the Royal Aeronautical Society, 
and full discussion took place. Since that time, this type of propeller has been 
recognised as a practical feature of modern aviation. 


‘ 


H. S. HELE-SHAW. 


REVIEWS. 

WALTER ZUERL: DAS VERSCHWINDFAHRWERK (The Retractable Undercarriage). 
Muenchen, 1937. Publ. by Curt Pechstein Verlag., 135 pp., 243 fig. 
According to the author this booklet is intended as a treatise for aircraft 

designers and others technically interested. 

The author has done his best to give a fair survey of practical solu- 
tions hitherto known, and in this respect students may find the work useful. 
Besides retractable undercarriages, different types of oleo legs and wheel brakes 
are described. 

Historically, one addition may be worth while mentioning. The first retractable 
undercarriage (folding-back principle) had been used on a racing monoplane 
designed by the late German pilot Eugen Wincziers in 1911, and this solution 
can be considered a really simple and practical one. Incidentally, it is the first 
single leg undercarriage, therefore quite modern and worth while remembering. 


TIMBER. ITS STRUCTURES AND PROPERTIES. 
H. E. Desch, P.A.S.I., B.Sc., M.A. (Oxon.). 90 illustrations. MacMillan 
and Co. 12s. 6d. net. 


The author has written a book for which he claims no originality for the subject 
matter, and which is a compilation of information from standard works and the 
various publications issued by the different research laboratories. 

The use of timber will always be of interest to the aircraft engineer, and for 
those who wish to understand the general structure of timber this book will be 
of use. It is divided into four parts, the first dealing with the structure of wood, 
the second with the gross features of wood, the third with its properties (weight, 
strength, moisture, and conductivity of heat value), and the fourth with con- 
siderations influencing the utilisation of wooed. 

Directly, part three is of most interest to the aircraft engineer, but the author 
has not been concerned with giving the practical values of density of various woods 
or their strengths. He is only concerned with general principles of testing, 
obtaining density, moisture content and the like. 

The book is of value for its clear outline of what timber is in the general sense, 
but the aircraft engineer will not find in it the data which he wants in practice. 
That is no fault of the author, and the reviewer wishes to make is perfectly clear 
that it is a good general book on the subject, though it does not directly appeal 
to the aircraft designer. 


4 
= 
a 
= 


1150 REVIEWS. 


GLOSSARY OF NAVIGATION. 
By J. Bb. Harbord, M.A., R.N. Pp. 451. 12/6. Brown, Son and 
Ferguson, Ltd. 1938. 

Harbord’s ‘‘ Glossary of Navigation ’’ contains definitions and explanations of 
terms used in nautical navigation. Most of the information is of direct value to 
the air navigator. The author gives excellent definitions of all the terms, which 
the navigator is likely to want. Other rarer terms are also given, such as 
‘* almacantars,’’ ‘* syzygy tides ’’ and ‘‘ uranography.’’ These will be useful for 
cross-word puzzles. 

Some of the definitions are interesting. We find:—‘* Mile, English statute. 
The common and authorised mile used by the English for itinerary and legal 
purposes. Its length is incidentally laid down as being 8 furlongs of 40 perches 
of 16} feet each.’’ Under ‘‘ L ’’ we find:—‘‘ Lubber’s point :—The expression 
is generally connected with ‘ land-lubber.’ . .. Such a one would slavishly 
require the aid of this point in steering, whereas a helmsman who was a seaman 
would more truly strike a fore-and-aft line with his eye.”’ 

Pilots will be interested to see that the ‘‘ Air Almanac ’’ is mentioned. It is 
hoped that the air navigator will shortly be able to make further contributions 
to the art of navigation. 

The book can be thoroughly recommended to anyone who finds difficulty in 
understanding the jargon of navigation. 


AERODROMES. 
A Research Monograph of the Scientific Institute for Air Transport, Tech- 
nical College, Stuttgart. Published by Sir Issac Pitman & Sons, Ltd. 
Price 1os. 6d. 

This work, which is an English translation of the original German deals in a 
thorough manner with existing data on aerodromes; the information being tabu- 
lated or plotted in graphs. Naturally it is mainly based on German practice. 

There are two parts, the first considers aerodromes as part of the air network, 
the second organisation within the aerodrome. The summary at the end is given 
in full as it fairly indicates the scope of the book. 

‘* In the first case it has been found that the best arrangement of the station 
buildings, from the operating standpoint, was in the form of a wedge set forward 
into the landing ground. Precepts have been laid down for the basic design of 
the landing ground and clearance areas and suggestions have been made for the 
best methods of carrying out the control of aircraft movements. Study of clear- 
ance routine at the aerodromes, together with proper lay-out of the administrative 
building and good correlation of individual services has shewn ways of reducing 
the clearance and/or waiting periods of machines. Finally, it has been possible 
to draw from the various investigations important conclusions regarding the 
aerodromes’ efficiency, especially during bad weather.’’ 

As an example of the thoroughness of the book the data given in the form 
of curves for the times for embarking and disembarking passengers may be 
instanced. Embarking is the longest operation of the two and the time is often 
lengthened by a passenger taking time to select his seat, or by his blocking the 
gangway while he removes his coat. The time naturally varies also in proportion 
to the number of passengers. The time for this operation varies between one and 
a half minutes for a ten-seater to, say, four minutes for a twenty-seater. Dis- 
embarkation takes one and a quarter minutes for a ten-seater and perhaps two 
minutes for a twenty-seater. The time per passenger embarking is the greater 
the larger the number of passengers, for disembarking the reverse is the case. 

There is one error which is inexcusable, it occurs in the only formula in the 
book; g, which has its usual meaning as the acceleration due to gravity, is 
described as ‘‘ increased speed at earth’s surface ’’! Generally the book is a 
valuable one and the information it gives should be of great interest to all those 
engaged in civil aviation. 
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AIRCRAFT PROPELLER HANDBOOK. 
By Karl Hansson Falk. The Ronald Press Co., New York. Price 4 
Dollars. 

This book has been written, as is stated in the preface, ‘* to meet the needs of 
engineers, draughtsmen, students, pilots, service personnel, and others in the 
aeronautic industry who wish to obtain concise, practical data without delving into 
propeller theory.’? The author is chief blade designer for Hamilton Standard 
Propellers. 

It cannot be denied that the book fulfils its programme very well, and that 
anyone possessed of an elementary knowledge of mathematics and _ sufficient 
experience of draughting could design a reasonable aeroplane propeller without 
difficulty if he followed the directions carefully, even if his knowledge of aero- 
dynamics was nil. But even if he did this it is not easy to see that he would be 
much better off, or that it would make him capable of holding the important job 
which belongs to the author. 

In this country it is believed that there is little use in teaching such matters by 
rote. If the reader has a sound theoretical knowledge of his subject a book like 
this may be of considerable use to him. He will realise its limitations and _ will 
know the theoretical basis of the curves and formule. But the novice who knows 
nothing of the ‘subject to start with might design 50 propellers by the method 
given here and still remain in complete ignorance of the principles on which they 
are designed. 


Earty Birps. 
By Alfred Instone. Published by Western Mail and Echo, Ltd. Price 6/-. 


This book contains a number of reminiscences relating to the former Instone 
Air Line, and includes many quotations from the Press and from other sources 
relating to the early history of civil aviation in this country. Although interesting 
in places, the general arrangement of the work is too sketchy for it to be con- 
sidered as a serious contribution to the history, but some of the material will be 
useful to the historian of the future. 

Mr. Instone has really missed a great opportunity. If, instead of writing this 
book from the point of view of Instones, he had written it from the point of view 
of the early air lines as a whole, he would have rendered an important service 
to aviation. After all, it is those who worked and experimented in the early days 
who sowed the seeds of what has happened since, and the modern commercial 
aeroplane is as much the descendant of the early De Havilland and Vickers 
machines as the modern locomotive is the descendant of Stevenson’s Rocket. 

In this time of pioneering the Instone brothers were always well to the fore, 
and they brought into the business of air transport qualities of business acumen 
and experience which were of the utmost value. But others also made a con- 
siderable contribution and the subject waits for the author who can do full justice 
to it. When written, such a book will be as interesting as all well-told stories 
of difficulties faced and surmounted, and ‘‘ Early Birds ’’ will be one of the 
sources of information. Let us hope that this task will be carried out before 
those who still remember those days pass on. 


HuGurs’ TABLES FOR SEA AND AIR NAVIGATION. 
Compiled by L. J. Comrie, M.A., Ph.D. Pp. 182. Price 20/-.. Hughes. 
1938. 

Nautical navigational methods are excellent for the navigation of ships. 
Conditions in the air are different, but it is only in recent years that the special 
requirements of air navigation have been considered. 

A stimulus was provided by the visit of Lieutenant-Commander P. V. H. 
Weems, U.S.N. (Retired), to this country in 1936; experimental flights across 
the Atlantic by Pan-American Airways, Ltd., and by Imperial Airways, Ltd., 
were also imminent. In 1937 the British Air Ministry produced the Air Almanac, 
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This was followed by Hughes’ Tables for Sea and Air Navigation, produced by 
Messrs. Henry Hughes and Son, Ltd. 

This book contains admirable tables for calculating altitude and azimuth by 
the St. Hilaire method. At the end will be found an excellent series of tables, 
including logarithms, meridional parts, traverse table, course correction, conver- 
sion angle, time to arc and refraction tables. A thumb index assists the search. 
These tables are all very clear and well printed. Judging by the careful methods 
used by the author, the tables should be very free from errors. 

The only disadvantage of the star sight tables is that normally an assumed 
position is used in place of the D.R. position. The latitude must be chosen as 
an exact number of degrees, and the longitude must be adjusted so that the 
local hour angle is an exact number of degrees. The navigator must console 
himself that the tables would be more voluminous without this simplification. 

At last it has been appreciated that the air navigator requires speed in getting 
his results as much as accuracy. Messrs. Henry Hughes and Son, Ltd., are to 
be congratulated on producing a book of tables which, in meeting this require- 
ment, will be of real use in the air. 


WIRELESS DIRECTION FINDING. 
By R. Keen, B.Eng. Published by Iliffe and Sons, Ltd. (Third edition.) 
Price 25/-. 

This is the third edition of this work, which has been again revised so as to 
keep pace with the rapid development of the subject. The sections dealing with 
directional wireless have been omitted as it is considered that matter concerning 
direction and position finding is of greater importance. This has left room to 
discuss such matters as marine and aircraft beacons, aircraft approach and 
landing apparatus, automatic direction finders, and ground and mobile equipment 
generally. 

This book deals with a method of navigation which is bound to become of 
greater importance as commercial aviation develops. In fact, it is probable that 
in the not distant future the classical navigational instruments such as_ the 
compass and sextant will become obsolete as far as aircraft are concerned, 
though they may still be carried for use in case of the breakdown of the wireless 
apparatus. 

This work, which has a foreword by Mr. Eckersley, is an excellent compilation 
of the existing state of the art and it can be confidently recommended to all 
concerned. 
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Wind Tunnel Investigation of Rectangular 
and Tapered N.A.C.A. 23,012 Wings with 
Plain Ailerons and Full-Span Split Flaps 
(Abstract from N.A.C.A. Tech. Note, No. 
661, August, 1938), J., XLII., p. 1038. 

Wind Tunnel Investigatioris of Tapered 
Wings with Ordinary Ailerons and Partial 
Span Split Flaps (Abstract from N.A.C.A. 
Report No. 611), J., XLII., p. 176. 


AEROPLANES 

Dollar Values in Airplane Design (Abstract 
from J. Aeron. Sci., Vol. 4, February, 
1987), J.. p. 617. 

Large Aeroplanes, by H. Roxbee Cox, 
Bise., J., 
XLII., p. 591. 

New Oxygen Mask Tested by North-West 
Air Lines (U.S.A.) (Abstract from Ameri- 
can Aviation, Vol. 2, No. 6, 15/8/38, p. 
15), J., XLII., p. 1048. 


Progress in Aircraft Design and Efficiency- 


(Abstract from Engineering, Vol. 146, No. 
3797, 21/10/38, p. 472), J., XLII., p. 
1123. 


AEROPLANES—CONSTRUCTION 


Methods of Solving Special Geometric Pro- 
blems in Connection with Aircraft Design, 
by H. E. Chaplin, A.F.R.Ae.S., Jj., 
XLII., p. 1088. 


AEROPLANES—CONTROL 


Effect of Propeller Slipstream on Wings and 
Tail Surfaces (Abstract from L.F.F., Vol. 
15, No. 4), J., XLII., p. 845. 


Flight Investigation of the Reduction of 
Aileron Operating Force by means of Fixed 
Tabs and Differential Linkage with Notes 
on Linkage Design (Abstract from 
N.A.C.A. Tech. Note, No. 658), Jf., 
XLII., p. 742. 

Improvement of Aileron Effectiveness by the 
Prevention of Air Leakage through the 
Hinge Gap as Determined in Flight (Ab- 
stract from N.A.C.A. Tech. Note, No 
682), J.. XLIL., p. 282. 

Investigation of the Effect of the Propeller 
Slipstream on the Downwash and _ the 
Elevator Efficiency (Abstract from L.F.F., 
16, No. 1/2), -p. 281. 

Maximum Forces Applied by Pilots to 
Wheel Type Controls (Abstract from 
N.A.C.A. Tech. Note, No. 628), 
196, 

Measurement of Aileron and Flap Moments 
in Flight (Abstract from L.F.F., Vol. 15 
No. 8), J., XLII., p. 886. 

Method for Investigating a Wing with 
Ailerons (Abstract from Centr. Aero- 
Hydrodynamic Inst., Moscow, Tech. Note, 
No. 146, 1937), J., XLII., p. 1123. 

Résumé and Analysis of N.A.C.A. Lateral 
Control Research (Abstract from N.A.C.A. 
Report No. 605), J., XLII., p. 89. 

A Radio Control System for Model Aircratt 
(Abstract from The Aero Modeller, Vol. 
111, No. 33), J., XLII., p. 858. 

Wind Channel Tests on Aerodynamic Brakes 
(Abstract from L.F.F., Vol. 15, No. 1/2), 
p. 281; 

Wind Tunnel and Flight Tests of Slot-Lip 
Ailerons (Abstract from N.A.C.A. Report 
No. 602), J., XLI., p. 91. 


Wind Tunnel Tests of Three Lateral Control 
Devices in Combination with a Full-Span 
Slotted Flap on an N.A.C.A. 23,012 Air- 
foil (Abstract from N.A.C.A. Tech. Note, 
No. 659), J., XLII., p. 884. 


AEROPLANES—FUSELAGES 


Structural and Mechanical Problems _In- 
volved in Pressure (Supercharged) Cabin 
Design (Abstract from J. Aeron. Sci., 
Vol. 8, No.5), J., p. 469. 


AEROPLANES—MILITARY 

Activities of the U.S. Army Air Corps 
during 1937 (Abstract from Inter. Avia, 
No. 526, 16/3/38), J., XLII., p. 468. 

The Composition of the Russian Air Force 
(Abstract from Luftwehr, July, 1938), J., 
XLII., p. 877. 

Multiplicity in Armament Types (Abstract 
from Rev. de l’Arm. de l’Air, No. — 
January, 1938, pp. 40-58), J., XLII., 
1033; 
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Some Contracts placed by the U.S. Army 
Air Corps in 1937 (Abstract from Rev. 
de l’ Armee de Il’ Air, No. 105, April, 1938), 
jJ.. XLITI., p. 620. 


AEROPLANES—PERFORMANCE 


Aeroplane Performance Slide Rule (Abstract 
from: Aer: Sev, Vol. 6, No,. -1),. f:, 
XLII., p. 183. 

Aircraft Efficiencies (Abstract from The 
Engineer, Vol. 165, No. 4290), J., XLII., 
p. 469. 

Comparative Flight and Full Scale Wind 
Tunnel Measurements of the Maximum 
Lift of an Aeroplane (Abstract from 
N.A.C.A. Report No. 619), J., XLII., p. 
559. 

Effect of Ground on the Aerodynamic 
Characteristics of a Monoplane Wing (Ab- 
stract from Aer. Res. Inst., Tokio, Rep. 
No. 156), J., XLII., p. 88. 

The Effect of Wing Loading on the Design 
of Modern Aircraft with Particular Regard 
to the Take-off Problem, by H. F. Vessey, 

Flight and Wind Tunnel Tests of an XBM-1 
Dive Bomber (Abstract from N.A.C.A. 
Tech. Note, No. 644), J., XLII., p. 625. 

Flight Tests of an Aeroplane showing 
Dependence of the Maximum Lift Co- 
efficient on the Test Conditions (Abstract 
from N.A.C.A. Tech. Note, No. 622), J., 

Flight Tests and Flying Qualities of Zah I— 
25 Aircraft (Abstract from Aeronautical 
Engineering, U.S.S.R., No. 1, January, 
1938, pp. 9-24) (Translation available), J., 
XLII., p. 1038. 

Further Studies of the Ground Effect on the 
Aerodynamic Characteristics of an Aero- 
plane, with Special Reference to Tail 
Moment (Abstract from Aer. Res. Inst., 
Tokio, Report No. 158, November, 1937), 
J., p. 229. 

German Air Speed Record (Abstract from 
Les Ailes, No. 857, 18/11/37), J., XLII., 
p. 90. 

High Wing Loading and Some of Its Pro- 
blems from the Pilots’ Point of View, 
by Squadron-Leader H. P. Fraser, A.F.C., 
p. 405. 

Performance Calculations on the Koken 
Long-Range Monoplane (Abstract from 
Aer. Res. Inst., Tokio, Report No. 166, 
August, 1938, pp. 300-85), J., XLII, 
p. 1040. 

Range and Take-off Calculations for Plane 
with Continuously Controllable Pitch Pro- 
pellers (Abstract from J. Aeron. Sci., Vol. 
5, No. 11, September, 1938, pp. 436-441), 


Special Problems Connected with the Take- 
off and Landing of Aircraft (Abstract from 
J. Aeron. Sci., Vol. 5, No. 8), J., XLII., 
p. 846. 

Some Aspects of the Stalling of Modern 
Low-Wing Monoplanes (Abstract from 
N.A.C.A. Tech. Note, No. 645), J., XLII., 
p. 625, 

Some Problems in the Design of High Speer 
Aircraft (Abstract from J. Aeron. Sci., 
Vol: No. 2); p. 740: 

Transition Phase in the Take-off of an 
Aeroplane (Abstract from N.A.C.A. Report 
No. 628), J., XLII., p. 847. 


Wind Tunnel Tests of a Two-Engine Aero- 
plane Model as a Preliminary Study to 
Flight Conditions Arising Out of the 
Failure of One Engine (Abstract from 
N.A.C.A. Tech. Note, No. 646), J., XLII., 
p. 626. 


AEROPLANES—SPINNING 
Spinning Characteristics of the XN2Y-1 Air- 
plane Obtained from the Spinning Balance 
and Compared with Results from the 
Spinning Tunnel and from Flight Tests 
(Abstract from N.A.C.A. Report No. 607), 


Wind Tunnel Investigations of Aeroplane 
Spin, taking into Account the Radius of 
Rotation (Abstract from Trans. Centr. 
Aero-Hydrodyn. Inst., Moscow, No. 260), 
ps 884; 


AEROPLANES—STABILITY 


Aileron Hinge Moments Utilised to Ensure 
Automatic Stability (Abstract from Les 
Ailes, No. 884, 26/5/38), J., XLII., p. 
627. 

Assumed Loads Due to Aerodynamic Forces 
on Aircraft (Abstract from Book by G. 
Siegel, 1938, Germany), J., XLII., p. 885. 

On the Dynamics of Symmetrical Flight of 
an Aeroplane (Abstract from Tech. Phys., 
U.S.S.R., Vol. 4, No. 6, 1937), J., XLII., 
p. 90. 

Effect of Shape of Wing on the Distribution 
of Load Along the Span and on the Longi- 
tudinal Stability (Abstract from Rept. 
Centr. Aero-Hydrodyn. Inst., No. 335, 
1937), J., XLII., p. 885. 

Estimation of the Rate of Change of Yawing 
Moment with Side-Slip (Abstract from 
N.A.C.A. Tech. Note, No. 636), J., XLII., 
p. 467. 

Free-Spinning Wind Tunnel Tests of a Low 
Wing Monoplane with Systematic Changes 
in Wings and Tails. II. Mass Distributed 
Along the Fuselage (Abstract from 
N.A.C.A. Tech. Note, No. 680), J.. 
ps 25k, 
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Longitudinal Stability in Relation to the Use 
of an Automatic Pilot (Abstract from 
N.A.C.A. Tech. Note, No. 666, September, 
1938), J., XLIJ., p. 1122. 

Free-Spinning Wind Tunncl Tests of a Low 
Wing Monoplane with Systematic Changes 
in Wings and Tails. III. Mass Distribution 
Along the Wings (Abstract from N.A.C.A. 
Tech. Note, No. 664), J., XLII., p. 1122. 

Model Balance for the Rapid Determination 
of the C.G. of Aircraft (Abstract from 
De Havilland Gazette, No. 10, 1938), J., 
XLII., p. 352. 

Several New Problems in the Theory of 
Wing Flutter (Abstract from Aeron. Eng. 
(U.S.S.R.), No. 6, June, 1937), J., XLII., 
p. 

Spinning Characteristics of Wings. IV. 
Changes in Stagger of Rectangular Clark 
Y Biplane Cellules (Abstract from 
N.A.C.A. Tech. Note, No. 625), J., XLII., 
p. 177. 

Theoretical Study of the Motion of Aero- 
planes Following Initial Disturbances (Ab- 
stract from Bulletin du Service Technique 
de I’ Aeronautique, No. 17, June, 1937), J., 
XLII., p. 354. 

Theoretical Study of Various Aeroplane 
Motions after Initial Disturbance (Ab- 
stract from Bull. du Service Technique de 
l’Aeron., June, 1937), J., XLII., p. 883. 

Wind Tunnel Tests on a Low Wing Mono- 
plane with Propeller Running; Longi- 
tudinal and Directional Stability, Elevator 
Hinge Moments (Abstract from J. Aer. 
Sci., Vol. 5, No. 4), J., XLII., p. 468. 


AEROPLANES—STRENGTH OF 

Instability of Monocoque Structures in Pure 
Bending, by N. J. Hoff, jJ., XLII., p. 
291. 

Notes on the U.S.S.R. Aircraft Strength 
Specifications (Abstract from d’Aerophile, 
Vol. 45, No. 5), J., XLII., p. 175. 

Tables of Stiffness and Carry-Over Factor 
for Structural Members under Aerial 
Load (Abstract from N.A.C.A. Tech. Note, 
No. 652, June, 1938), J., XLII., p. 751. 


AEROPLANES—UNDERCARRIAGES 
Study of the Design Conditions for Tricycle 
Landing Gear (Abstract from J. Aeron. 
Sci., Vol. 5, No. 1), J., XLII., p. 740. 
Theoretical and Experimental Basis for 
Research and Development of Under- 
carriage Springs (Abstract from L.F.F., 
Vol. 14, No. 8), J., XLII., p. 89. 


AEROPLANES—WINGS 


Spinning Characteristics of Wings. V. 
N.A.C.A. 0009, 23018 and 6718 Mono- 
plane Wings (Abstract from WN.A.C.A. 
Tech. Note, No. 633), J., XLII., p. 352. 


The Torsion of a Two-Spar Pyramidal Wing 
with Closely Placed Ribs of Great Stifi- 
ness in Flexure (Abstract from Repi. 
Centr, Aero-Hydrodyn. Inst., No. 292, 
1937), J., XLII., p. 889. 

Wing Flutter when Taking into Account the 
Vibrations in the Direction of Greatest 
Stiffmess (Abstract from Rept. Centr. 
Aero-Hydrodyn. Inst., Moscow, No. 340, 
1937), J., XLII., p. 886. 


AERO SHOWS 
Aircraft Display at the Nuremberg Rally 
(Abstract from Les Ailes, No. 901, 
22/9/38, p. 5), J.,, XLII., p. 1044. 
Flying Display at Touchino (Abstract from 
Les Ailes, 8/9/38), J., XLII., p. 878. 


AIR FORCES 

Italian Views on the German Air Force 
(Abstract from Inter. Avia, No. 561), J., 
op. B41. 

The Air Force Ground Personnel and Flying 
Personnel (Abstract from Vol. 11 and 12, 
Air Force Series, 1938), J., XLII., p. 1117. 

Organisation of Italian Air Force (Abstract 
from Luftwehr, June, 1938), J., XLII., 
p. 1116. 


AIRSCREWS 

Aerodynamic Considerations Affecting Pro- 
pellers for Large Engines (Abstract from 
{S-AE., Vol. 42, -No.: 9), p. 
849. 

Aerofoil Sections in Screw Propellers (Ab- 
stract from Trans. of N.E.C. Inst. of E. 
and S., 31/3/38), J., XLII., p. 621. 

Aircraft ao of the Future (Abstract 
from J.S.A.E., Vol. 43, No. 4, October, 
1938, p. 426), J., XLII., p. 1122. 

The Effect of Cavitation on the Operation 
of the Voith-Schneider Propeller (Abstract 
from Z.V.D.1., 14/5/38, pp. 566-8; Eng. 
Absts., Vol. 1, No. 8, Section 2, August, 
1938, p. 126), J., XLII., p. 1037. 

Full Feathering Propellers (Abstract from 
J. Aeron. Sci., Vol. 5, No. 7), J., XLIL., 
p. 740. 

Full-Scale Static Propeller Characteristics 
(Abstract from J. Aer. Sci., Vol. 5, No. 
Jc, p. 176. 

Interaction of a Fixed Propeller with an 
Aerofoil (Abstract from Comp. Rend., 
Vol. 206, No. 20), J., XLII., p. 738. 

Method of Harmonic Analysis. A Study of 
the Rotational Frequencies of Screw Pro- 
pellers (Abstract from Phil. Mag., Vol. 
25, No. 168), J., XLII., p. 362. 

Moments, Centrifugal Force and the Variable 
Pitch Propeller (Abstract from Schweiz. 
Banztg., Vol. 111, 1988), J., XLII., p. 
884. 
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Practical Airscrew Performance Calculations, 
by F. M. Thomas, F. W. Caldwell and 

Propeller Efficiencies at High Flying Speeds 
(Abstract from L.F.F., Vol. 15, No. 7), 
S82. 

Propeller Factors Tending to Limit Aircraft 
Engine Powers (Abstract from 
Vol, 42;.No. 7), p. 849. 

Propeller Problems Imposed by Stratosphere 
Flight (Abstract from J.S.A.E., Vol. 42, 
No. ¥), 847. 

Simplified Propeller Calculations (Abstract 
from: Aeron. Sci:, &,. No. 9),. 
XLII., p. 848. 

Theory of the Hele-Shaw Experiment (Ab- 
stract from Z.A.M.M., Vol. 18, No. 2), 
p. 

Torsion and Torsional Oscillations of Blades 
(Abstract from Trans. of N.E.C. Inst. of 
E. and S., 81/3/38), J., XLII., p. 631. 


AIRSHIPS, see also Gases. 

Operating Technique on Helium Filled Air- 
ships (Abstract from J. Aeron. Sci., Vol. 

The Present Status of Airship Construction, 
especially of Airship Framing Construction 
(Abstract from Z.F.M., Vol. 24, Nos. 11 
and 12, 6 and 22/6/33) (Available as 
Translation T.M. No. 872), J., XLII., p. 
1039, 

Pressure Distribution Measurements at Large 
Angles of Pitch on Fins of Different Span- 
Chord Ratio on a 1/40 Scale Model of the 
U.S. Airship ‘‘ Akron’’ (Abstract from 
N.A.C.A. Report No. 604), J., XLII., p. 
91. 

Stress Model of a Complete Airship Structure 
(Abstract from J. App. Mech., Vol. 5, No. 
2), J., XLII., p. 741. 

Water Tank Model Tests on the Motion of 
Airships in Gusts (Abstract from J. Aeron. 
Sci; Vols, No. 8), p; 623. 


AIR TRANSPORT, see Civil Aviation. 
ALUMINIUM, see Materia's—Aluminium 


ARMAMENT, see also Bombs and Ballistics; 
Warfare, aerial. 

Aircraft Cannons (Abstract from Rev. de 
l’Arm, de l’Air, No. 111, October, 1938), 

Anti-Aircraft Artillery (Abstract from Ser- 
vice in the Air Force Series, Vol. 13, 
1988), p. 1117. 


Armament Patents Purchased by the Junkers 
Firm (Abstract from Rev. de l’Arm. de 
lV Air, No. 105, April, 1938), J., XLII., 
p. 619. 


Comparative Performance of Automatic Guns 
(Abstract from W.T.M., Vol. 41, No. 11), 
ps 178: 

Defensive Armament of General Purpose 
Aircraft and the Offensive Armament of 
the Intercepter Fighter (Abstract from 
Rev. de l’ Arm. de l’Air, No. 104, March, 
1938), J., XLII., p. 735. 

High Explosive Shell (Artillery) (Abstract 
XLII., p. 842. 

Improvements in Aircraft Cannons (Abstract 
from Rev. de l’Arm. de l’Air, No. 100, 
November, 1937), J., XLII., p. 179. 

Machine Gun Operation by Means of Com- 
pressed Air for Training Purposes (Ab- 
stract from W.7.M., Vol. 42, No. 5), J., 
XLII., p. 737. 

Machine Gun Installation on Ground Attack 
Aircraft (Abstract from Luftwehr, Vol. 5, 
No.1); p: 347. 

Munitions Manufacture (Abstract from 
p. 554. 

Most Recent Development in Machine Guns 
Outside Germany (Abstract from W.T.M., 
Vol. 41, No. 4), J., XLII., p. 234. 

New Night Fire Control Apparatus for A.A. 
Artillery (Abstract from Luftwehr, Vol. 
5, No. 6), J., XLII., p. 842. 

The ‘‘ Oerlikon’’ Cannon Mounting for 
Aircraft (Abstract from W.T.M., Vol. 42, 
No. 9, September, 1938, pp. 411-415), 
1035: 

Optical Studies of the Motion of Machine 
Guns when Firing (Abstract from Luft- 
wissen, Vol. 5, No. 2), J., XLII., p. 348. 

Bofors Rapid Fire 40m.m. Anti-Aircraft 
Gun (Abstract from U.S. Naval Institute 
Proceedings, Vol. 63, No. 147), J., XLIL., 
p. 92. 


Sights Employed in Anti-Aircraft Gunnery 
(Abstract from Eng. Absts.; Vol. 1, No. 
1), J., XLII., p. 461. 

Synchronised Control Gear for Rigid Machine 
Gun on Aircraft (Abstract from Luft- 
wissen, Vol. 4, No. 12), J., XLII., p. 179. 


ASSISTED TAKE-OFF, see Catapults. 
ATMOSPHERE, see Meteorology. 
AUTOMATIC PILOT, see Aeroplanes--Stability. 


BALLOONS 
Balloon Barrages. Based on an Article in 
Bulletin Belge des Sciences Militaires (Ab- 
stract from Luftwehr, Vol. 5, No. 8, 
August, 1938, pp. 332-336), jJ., XLII., 
p. 1036. 
New Developments in Hot Air Balloons 
(Abstract from Luftwelt., Vol. 2, No. 12), 
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BIRD FLIGHT 


Air Flow Round a Bird in Flight—Simul- 
taneous Cinematographic Records in Three 
Planes at Right Angles to Each Other 
(Abstract from Comp. Rend., Vol. 206, 
No. 6), J., XLII., p. 351. 

Flight Speed of Birds (Abstract from United 
States Department of Agriculture Circular 
No. 428, May, 1937), J., XLII., p. 243 

A Study of the Wing-Beats of Pigeons in 


Flight, by G. Guidi, J., XLII, p. 1104. 
BLUCKE, SQUADRON LEADER, R. S., 
A.F.C. 


The Practical Use of Radio as a Direct Aid 
to the Landing Approach in Conditions 
of Low Visibility, J., XLII., p. 483. 


BOMBS AND BALLISTICS, 


ments; Warfare aerial. 


see aiso Arma- 

Application of Statistical Analysis to Bal- 
listic Problems (Abstract from Revue 
d’Artillerie, December, 1937), J., XLII., 
p. 876. 

Ballistic Characteristics of Aircraft 
(Abstract from De Ingenieur in 
landsch-Indie, No. 12, 1936), J., 
p. 93. 

Choice of Calibre for A.A. Artillery (Ab- 
stract from Rev. de l’Arm. de l’Air, No. 
105, April, 1938), J., XLII., p. 620. 

Device for Increasing the Muzzle Velocity 
of Shells (Abstract from Rev. de l’Arm. 
de l’Air, No. 100, November, 1937), J., 
179. 

The Effect of Projectiles and Bombs on 
Concrete (Abstract from Z.g.S.S., Vol. 33, 
No. 5, May, 1938, pp. 141-142), J., XLII., 
p. 1036. 

Formulation of the Resistance Laws of Pro- 
jectiles (Abstract from W.7.M., Vol. 42, 
No. 9, September, 1938, pp. 397-411), /., 
XLII., p. 1035. 

Improvements in the Design of Aircraft 
Bombs (Abstract from Rev. de l’Arm. de 
V Air, -No. 101, December, 1937), J., 
XLII., p. 235. 

New Type of Aerial Mine (Abstract from 
U.S. Nav. Inst. Proc., Vol. 64, No. 5), 
j., p. 616. 

Shock Wave and Explosion Productions 
from Detonating Explosives (Abstract 
from Proc. Roy. Soc., Series A, Vol. 163, 
No. 915), J., XLII., p. 178. 


Bombs 
Neder- 


BOUNDARY LAYER, see Aerodynamics— 
Boundary Layer. 

BRAKES—AERODYNAMIC, see Aeroplanes 
Control. 

BUXTON, SQUADRON LEADER, G. M., 
R.A.F. 

Development of Sailplanes, jJ., XLII., p. 
653. 
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CABINS, see Aeroplanes—Fuselages. 


CALDWELL, F. W., F. M. THOMAS and 
T. B. RHINES 


Practical Airscrew Performance Calculations, 


CARBURETTORS, see Engines—Carburettors. 


CATAPULTS 

Development of the Catapult by the Heinkel 
Aircraft Works (Abstract from L.F.F., 

Floating Islands, Catapult Ships Pick-a- 
Back Aircraft (Abstract from No. 25 of 
Handbooks for the Aircraft Constructor, 
Munich), J., XLII., p. 885. 


CHAPLIN, H. E. 
Methods of Solving Special Geometric Pro- 
blems in Connection with Aircraft Design, 
J., SLIL., p. 1088. 


CIVIL AVIATION 


Engineering Aspects of Commercial High 
Altitude Flying, by Professor J. E. 


Younger, J., XLII., p. 1055. 
Income and Subsidies of Various European 


Air Lines (Abstract from Il’ Aerophile, 
Vol, 46, No. 7), J., XLII., p. 848. 
North Atlantic Air Service — London- 


Montreal (Abstract from The Engineering 
Journal, Vol. 20, No. 8), J., XLII., p. 
354. 

Plotted Transport Flight Plan (Abstract 
from J.S.A.E., Vol. 48, No. 4, October, 

Statistical and Technical Review for 1937 
(Abstract from The Engineer, Vol. 166, 
No. 4317, 7/10/38, p. 379), J., XLIL., 
p. 1041, 

Transport Comparison—Comparative Table 
of Efficiency of Various Makes of Civil 
Aircraft (Abstract from Flight, Vol. 33, 
No: 1515), SLE... px 179, 


COMPRESSION-IGNITION ENGINES, 
Engines—Heavy Oil. 


CONTROL, REMOTE, see Remote Control. 
COOLING, see Engines—Cooling. 


see 


CORRESPONDENCE 
Weyl, A. R., J., ALI, p. 755: 
Gry, W. J., p. 917. 
Needham, C. H. Latimer, J., XLII., p. 865. 
Buxton, Sqdn.-Ldr. G. M., J., XLII., p. 
866. 
Hele-Shaw, H. S., J., XLII., p. 1147. 


CORROSION, see Materials—Corrosion. 
COPPER, see Materials—Copper. 


COWLING—ENGINE, see Engines—Cooling. 
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COX, H. ROXBEE, Ph.D., D.I.C., B.Sc.,| 
F.R.Ae.S. 


Large Aeroplanes, J., XLII., p. 591. 


CRAIG, J. DONALDSON 


Anodic Oxidation of Aluminium and _ Its 
Alloys, J., XLII., p. 603. 


CRANKSHAFTS, see Engines—Crankshafts. 


DE-ICING, see also Meteorology. 

Ice Accretion on Aircraft—Notes for Pilots 
(Abstract from Met. Office Prof. Notes, 
No. 62, -1937);: J., ALE., p. 102: 

Icing Problem on Aircraft (Abstract from 
Pub. Sci. et Tech. du Ministere de Il’ Air, 

Icing-up of Aircraft (Abstract from Z.V.D.I., 
Vol 'S2, NOL Js, 

Mechanical De-Icer (Abstract from Les Ailes, 
No. 872), J., XLII., p. 353. 

Some Remarks on the Physical Aspects of 
the Aircraft Icing Problem (Abstract from 
J. Aeron. Sci., Vol. 5, No. 11, September, 
1938, pp. 442-6), J., XLII., p. 1047, 

Temperature Distribution on an _ Aircraft 
Wing: Application to the Problem of De- 
Icing (Abstract from Publ. Sci. Tech. 
Ministere de l’Air, No. 119, 1938), /., 
XLII., p. 884. 


DETONATION, see Fuels. 
DIESEL ENGINES, see Engines—Heavy Oil. 
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1, No. 7, Section 3, August, 1938, p. 
114), J., XLII., p. 1044. 

On the Forces Acting Between Atoms and 
Ions and the Physical Properties of Matter 
in Bulk (Abstract from Phil. Trans. Roy. 
Soc., Series A, Vol. 237, No. 774), J., 
XLII., p. 566. 

Heinkel Explosive Rivets (Abstract from 
Flugsport, Vol. 30, No. 5), J., XLII., p. 
844. 

Improved Method for Calculating Free 
Vibrations Having Several Degrees of 
Freedom (Abstract from J. App. Mech., 
Vol.S,. No: 750. 

Indium Treated Bearing Metals (Abstract 
from Met. Vick. Tech. Pub. 900, April, 
1938), J., XLII., p. 749. 

On the Influence of Chromium on_ the 
Oxidisability of Tungsten at High Tem- 
peratures (Abstract from Aer, Res. Inst., 
Tokio, Report No. 161), J., XLII., p. 570. 

Luminous Enamels (Abstract from Z.V.D.I., 
Vol. 82, No. 30), J., XLII., p. 857. 

Magnetic Method for Measuring the Thick- 
ness of Non-Magnetic Coatings on Iron 
and Steel (Abstract from Bur. Stan. J. 
Res., Vol. 20, No. 3), J., XLII., p. 571. 

New Test for Dimensional Changes in Offset 
Papers (Abstract from Bur. Stan. J. Res., 
Vol. 19, No. 6), J., XLII., p. 244. 

Polish on Metals (Abstract from Proc. Roy. 
Soc., Series A, Vol. 166, No. 925), J., 
XLII., p. 633. 

Pylonol Oil Dope (Abstract from Aero 
Digest, Vol. 32, No. 2), J., XLII., p. 240. 


Recent Developments in Magnetic Materials 
(Abstract from J. Inst. Elec. Eng., Vol. 
82, No. 495), J., XLII., p. 481. 


Research on Materials and Modern Design 
(Abstract from Engineering, 29/7/38), J., 
XLII., p. 855. 

Riveting Methods and Riveting in Light 
Metal Aeroplane Construction, by Dr.-Ing. 
Wilhelm Pleines, J., XLII., p. 761. 

Running-in Characteristics of Some White- 
Metal Bearings (Abstract from Trans. 
A.S.M.E., Vol. 59, No. 8), J.; XLII, p. 
101. 

Self-Lubricating Materials (Abstract from 
Chem. Absts., Vol. 32, No. 4), J., XLIL., 
360. 

Specific Heat Temperature Curves of Some 
Age Hardening Alloys (Abstract from 
Proc. Roy. Soc., Series A, Vol. 168, No. 
933, 25/10/38, pp. 237-63), J., XLII., p. 
1133. 

Studies of Surface Layers of Materials 
(Abstract from Science et Ind. (Mécha- 
nique), No. 21, Nov.-Dec., 1937), J., 
XLII., p. 476. 

Styroflex and its Importance for Construc- 
tion of Cables (Abstract from Siemens 
Verofft Nachrichtentechn, 1938, No. 1), 
jJ.. XLII., p. 894. 


Thermal Expansion and the Effect of Heat 
Treatment on the Growth, Density and 
Structure of Some Heat-Resisting Alloys 
(Abstract from Bur. Stan. J. Res., Vol. 
20, No. 6), J.,. XLII., p. 854. 


MATERIALS—ALUMINIUM 

Preliminary Fatigue Studies on Aluminium 
Alloy Aircraft Girders (Abstract from 
NACA» Téek. Note; Noi’ 687), 
XLII., p. 476. 


MATERIALS—COPPER 

Correlation of Creep and Relaxation of 
Copper (Abstract from J. App. Mech., 
Vol. 5, No. 2), J.,. XLII., p. 750. 


MATERIALS—CORROSION 


Anodic Oxidation of Aluminium and _ its 
Alloys, by J. Donaldson Craig, /., XLII., 
p. 603. 

Corrosion Resistance Tests of Aluminium 
and Its Alloys (Abstract from Light 
Metals Rev., May, 1938), J., XLII., p. 
633. 

Electron Diffraction Applied to Corrosion 
Study (Abstract from Metals and Alloys, 
March, 1988), J., XLII., p. 479. 

Electron Diffraction Applied to Corrosion 
Study (Abstract from Metals and Alloys, 
April, 1938), J., XLII., p. 749. 

Hydrodynamic Corrosion of Cylinder Liners 
(Abstract from Z. Metallk., Vol. 29, No. 
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Protection of Metals by Aluminium (Abstract 
from Light Metals, June, 1938), J., XLII., 
p. 749. 

Rapid Test for Anodic Coatings (Abstract 
from Light Metals, Vol. 1, No. 4), J., 
XLII., p. 750. 


MATERIALS—GLASS 
The Properties of Glass for Heat Insulation 
(Abstract from Mech. Welding, 7/10/38, 
pp. 341-2; Metropolitan Vickers Tech. 
News Bulletin, No. 630, 14/10/38, p. 4), 

J., p. 1134. 


MATERIALS—LIGHT ALLOYS 
New Researches on the Al-Si Alloy (Silumin 
Gamma) with Special Reference to Aero 


Engine Requirements (Abstract from | 
Luftwissen, Vol. 5, No. 6), J., XLII., p. | 
751. 


MATERIALS—PLASTICS | 
Synthetic Resins in Aircraft Construction 
ao (Composition Properties, Present State of 
Development and Application to Light 
Structures) (Abstract from Luftwissen, 
Vol. 4, No. 8), J., XLII., p. 242. 
Devices and Tools Made of Reinforced 
Synthetic Resin for Use in Metal Aircraft 
Construction (Abstract from Luftwissen, 
Vol. 4, No. 12), J., XLII., p. 185. 
Plastics and Electrical Insulation (Abstract 
from J. Inst. Elec, Eng., October, 1938, 


pp. 474-87; Met. Vickers Tech. News 
Bulletin, No. 631, 21/10/38, p. 7), J., 
{ XLII., p. 1132. 
Plastics as Structural Materials for Aircraft 


(Abstract from N.A.C.A. Tech. Note, No. 


628), J., XLII., p. 240. 

Study of Transparent Plastics for Use on 
Aircraft (Abstract from Bur. Stan. J. 
Res., Vol. 19, No. 4), J., XLII., p. 100. 

Suitability of Various Plastics for Use in 
Aeroplane Dopes (Abstract from Bur. | 
Stan. J. Res., Vol. 20, No. 5), J., XLII., | 


p. 749. 


MATERIALS—RIVETING 


Force Distribution in Riveted Connections 
of Constant Cross-Sections Under Tensile 


Loads (Abstract from L.F.F., Vol. 15, 
20/1/38), J., XLII., p. 568. 
MATERIALS—RUBBER 
Electrically Conductive Rubber (Abstract 


from El. Rev., 3/6/38), J., XLII., p. 749. 
The Metalastik Process (Abstract from 
Machinery, 29/9/38, pp. 819-20; Metro- 
politan Vickers Tech. News Bulletin, No. 


629, 7/10/38, p. 9), J., XLII., p. 1130. 
Photo-elastic Determination of Stresses 
Around a Circular Inclusion in Rubber 


(Abstract from Bur. Stan. J. Res., Vol. 
20, No. 8), 570. | 


Rubber Mountings (Abstract from J. App. 
Mech., Vol. 5, No. 1), J., XLII., p. 477. 


MATERIALS—STEEL 

Crystalline Structure of Steel at Fracture 
(Abstract from Proc. Roy. Soc., Series A, 
Vol. 165, No. 922), J., XLII., p. 569. 

Electronics in the Production and Fabrication 
of Steel (Abstract from Electric J., Sept- 
ember, 1938, pp. 339-41), J., XLII., p. 
1131. 

Heat-Resisting Steels (Abstract from Journal 
of the Inst. of Fuel, Vol, 11, No. 58), J., 
XLII., p. 633. 

Influence of Surface Plastic Deformations on 
the Impact Cold Brittleness of Steel 
(Abstract from Tech. Phys., U.S.S.R., 
Vol. 4, No. 3); J.;, XLI,, p. 101. 

Stainless Steel in Aircraft (Abstract from 
J. Aeron. Sci., Vol. 5, No. 11, September, 
1938, pp. 447-454), J., XLII., p. 1045. 


see 
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also 


Analysis of Bolted Joints at High Tempera- 
tures (Abstract from J. App. Mech., Vol. 

Application of the Galerkin Method to the 
Torsion and Flexure of Cylinders and 
Prisms (Abstract from Phil. Mag., Vol. 
25, No. 169), J., XLII., p. 479. 

An Approximate Solution of Several Prob- 
lems of Stability of a Cylindrical Shell 
(Abstract from Centr, Aero-Hydrodyn. 
Inst. Rept., No. 246), J., XLII., p. 890. 

Bearing Strength of Steel and Aluminium 
Alloy Sheet in Riveted and Bolted Joints 
(Abstract from J. Aer. Sci., Vol. 5, No. 

Behaviour of a Plate Strip Under Shear and 
Compressive Stresses Beyond the Buckling 
Limit (Abstract from L.F.F., Vol. 14, 
No. 12, 20/12/37, pp. 627-39), J., XLII, 
p. 1045. 

Bending Stresses in Box Beams as Influenced 
by Shear Deformation (Abstract from 
jJ.S.A.E., August, 1938), J., XLII., p. 889. 

Buckling of Curved Tension Field Girders 
(Abstract from L.F.F., Vol. 14, No. 7), 
478. 

The Calculation of Maximum Deflection, 
Moment and Shear for Uniformly Loaded 
Rectangular Plates with Clamped Edges 
(Abstract from J. App. Mech., Vol. 4, No. 
4), J.. XLII., p. 186. 

Circular Beams Loaded Normal to the Plane 
of Curvature (Abstract from J. App. 
Mech., Vol. 5, No. 2), J., XLII., p. 751. 

Column Strength of Tubes  Elastically 
Restrained Against Rotation at the Ends 
(Abstract from N.A.C.A. Report No. 615), 
p. 882. 
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Compression Struts with Non-Progressively 
Variable Moment of Inertia (Abstract 
from. Vou, No: 9); 
p. 855. 


Creep of Metals at High Temperatures in 
Bending (Abstract from J. App. Mech., 

Creep of Metals at High Temperature in 
Bending (Abstract from J. App. Phys., 
March, 1938), J., XLII., p. 479. 

Creep of Solid Cylinders in Torsion (Abstract 
from Trans. Amer, Soc. Metals, Septem- 
ber, 1938, pp. 850-83; Metropolitan Vickers 
Tech. News Bulletin, No. 629, 7/10/38, 

The Crinkling Strength and the Bending 
Strength of Aircraft Tubing (Abstract from 
N.A.C.A. Report No. 632, 1938), J., 
XLII., p. 1045. 

Dynamic Strength Properties of Light Metal 
Alloys at Low Temperatures (Abstract 


from Zeit. f, Metallkunde, July, 1938), /J., | 


MLII., p. 891. 

Effect of Detonation on Engine Stresses 
(Abstract from Autom. Tech. Zeit., Vol. 
40, No, 24);' p. 239. 

Effect of Temperature on Physical and 
Optical Properties of —Photo-elastic 
Materials (Abstract from J. App. Mech., 
Vol.5; Noi. p. 477. 

Elastic Limit of Steels Undergoing Fatigue 
Tests and its Relation to Fatigue Limits, 
Internal Damping and Notch Sensitivity 
(Abstract from Forschung, Vol. 9, No. 1), 
362. 

Elasticity of Amorphous Bodies (Abstract 
from Tech. Phys., U.S.S.R., Vol. 4, No. 
8). p. 101. 

Elastic Stability of a Curved Plate Under 
Axial Thrusts, by S. C. Redshaw, Ph.D., 
M.Sc., Assoc.M.Inst.C.E., A.F.R.Ae.S., 
ps 536: 

Fatigue Failures from Stress Cycles of 
Varying Amplitude (Abstract from J. App. 
Mech., Vol. 4, No, 4), J., XLII., p. 186. 

The Fatigue Strength of Hollow Crank Pins 
(Effect of Reinforced Oil Hole) (Abstract 
from Z.V.D.I., Vol. 82, No. 30), f., 
XLII., p. 856. 

Fatigue Tests of Strengthened Flanges in 
Welded Tension Bars and Girders (Abstract 
from Vol. 82; 12/2/88), 
XLIT., p. 567. 

Flat Plates Under Pressure (Abstract from 
J]. Aeron. Sci., Vol. 5, No. 11, September, 
1938, pp. 421-5), J., XLII., p. 1045. 

Generalised Analysis of Experimental Obser- 
vations in Problems of Elastic Stability 
(Abstract from N.A.C.A. Tech. Note, No. 
658), J., XLII., p. 889. 


Graphical Computation of Stresses from 
Strain Data (Abstract from Bur. Stan. 
J. Res, Vol. .19;. No. 
100. 

Highest Frequency of Torsional Vibration 
(Abstract from Engineer, 13/5/38), J., 
XLII., p. 853. 

Improvements in the Bearing Qualities of 
Pistons of Motor-Car Engines (Abstract 
471. 

Investigation of Stress Conditions in a Full- 
Size Welded Branch Connection (Abstract 
from Trans. A.S.M.E., Vol. 60, No. 5), 
j.. XLIT., p. 856. 

Locomotive Axle Testing (Abstract from 
trans. Vol. 60; No. .4); J: 
XLIT., p. 634. 

Mechanical Analysis of Impact Brittleness 
(Abstract from Tech. Phys., U.S.S.R., 
Mol..4, No: 4); 101. 

Method of Calculating Intricate Statical 
Indeterminable Systems (Abstract from 
Trans. Scientific Tech. Soc. of Ship- 
building and Engineering, U.S.S.R., Vol. 
2, 1936), J., XLII., p. 567. 

Method of Design and Experimental Investi- 
gation of Box Spars (Abstract from 
Rept. Centr. Aero-Hydrodyn. Inst., No. 
310), j., XLIL.,. p. 890: 

Natural Frequencies of Uniform Cantilever 
Beams of Symmetrical Cross-Section (Ab- 
stract from J. App. Mech., Vol. 5, No. 1), 
2567; 

New Method Based Upon the Principle of 
Least Work for the Calculation of Box 
Girders Subject to Torsion (Abstract from 
Richerche de Ingegneria, Vol. 5, Nov.- 
Dec., 1937), J., XLII., p. 568. 

New Relationship for Use in the Design of 
Machine Columns (Abstract from J. App. 
Mech., Vol. 5, No. 2), f., XLIL., p. 750. 

Note on Galerkin’s Method of Treatment of 
Problems Concerning Elastic Bodies (Ab- 
stract from Phil. Mag., Vol. 25, No. 169), 
Js p> 478: 

Optical Investigation on Three-Dimensional 
Stress Conditions (Convergent Light) 
(Abstract from Forschung, Vol. 9, No. 2), 
jJ.. SLIL., p. 569. 

Ordinary Fracture, Time Limit Fracture 
and Fatigue Fracture (Appearance of 
Fracture Under Tension, Bending and 
Torsion) (Abstract from Forschung, Vol. 
9, No. p. 568. 

Polar Diagrams for the Solution of Deflec- 
tions of Axially-Loaded Beams (Abstract 
from J. Aeron. Sci., Vol. 5, No. 9), J., 
XLII., p. 856. 

On the Problem of Stress Distribution in 
Wide Flanged Box Beams (Abstract from 
J. Aeron. Sct., Vol. 5, No. 8), J., XLIL., 
p. 854. 
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Rapid Method for the Determination of 
Principal Stresses Across Sections of Sym- 
metrical Form from Photo-elastic Data 
(Abstract from J. App. Mech., Vol. 5, 
No. 3), p. 477. 

Recent Investigations in Plastic Torsion 
(Abstract from J. App. Mech., Vol. 4, No. 
4), J.. XLII., p. 186. 

Recent Research in Elasticity (Abstract 
from J. App. Mech., Vol. 4, No. 4), J., 
187. 

Relation of Wahl Correction Factor to 
Fatigue Tests on Helical Springs (Abstract 
from Trans. A.S.M.E., Vol. 60, No. 1), 
p. 241. 

Relaxation Methods Applied to Engineering 
Problems. II—Basic Theory with Appli- 
cation to Surveying and to Electrical 
Networks and an Extension to Gyrostatic 
Systems (Abstract from Proc, Roy. Soc., 
Series A, Vol. 164, No. 919), J., XLII., 
p. 364. 

Relief of Internal Stress in Castings (Abstract 
from Metro-Vick. Gazette, August, 1938), 
jJ.. XLII., p. 890. 

Researches on the Properties of Heat- 
Resisting Alloys Used in Internal Com- 
bustion Engines (Abstract from L.F.F., 
Vol. 15, No. 9, 10/9/38), J., XLII., p. 
1044. 

Shear Distribution in a Sheet Metal Box 
Spar (Abstract from J. Aer. Sci., Vol. 5, 
No. 4), J., XLII., p. 476. 

The Stability of a Clamped Elliptic Plate 
Under Uniform Compression (Abstract 
from J. App. Mech., Vol. 4, No. 4), J., 
XLII., p. 186. 

Strength of a Riveted Steel Rigid Frame 
having Straight Flanges (Abstract from 
Bur. Stan. J. Res., Vol. 21, No. 3, Sept- 
ember, 1938, pp. 269-313), J., XLII., p. 
1131. 

Strength of Shell Bodies—Theory and Prac- 
tice (Abstract from L.F.F., Vol. 14, No. 

Stress Analysis of Beams 
Deformation of the Flanges 
from N.A.C.A. Report No. 
XLII., p. 185. 

Stresses in Crank Webs—The Disadvantages 
of Circular Webs (Abstract from Autom. 
Tech. Zeit., Vol. 40, No. 24), J., XLII., 
p- 239. 

Stresses in Reinforcing Rings Due to Axial 
Forces in Cylindrical and Conical Stressed 
Skins (Abstract from L.F.F., Vol. 14, 


with Shear 
(Abstract 
608), /., 


No. 2), J., XLII., p. 478. 
On the Tilting of a Grate System Consisting 
of Two Spars Joined by Ribs (Abstract 
No. 


from Z.A.M.M., Vol. 17, 5); Js 


XLII., p. 99. 
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Torsional Stability of Cylindrical Shells 
(Abstract from J. Aer. Sci., Vol. 5, No. 
2); J-» 241. 

Torsion Tests of Tubes (Abstract from 
N.A.C.A. Report No. 601), J., XLII., p. 
100. 

Twisting Failure of Centrally Loaded Open- 
Section Columns in the Elastic Range 
(Abstract from L.F.F., Vol. 14, No. 9), 
p. 569: 

Twisting of Thin-Walled Columns Perfectly 
Restrained at One End (Abstract from 
L’Aerotecnica, Vol. 17, No: 10), j., 
XLII., p. 570. 

Use of Phenol Formaldehyde in Photo-elastic 
Investigations (Abstract from Forschung, 
Vol. 9, No. 3); J., XLII., p. 749. 


MATERIALS—TESTING 
Fatigue Testing of Wing Beams by the 


Resonance Method (Abstract from 
N.A.C.A. Tech. Note, No. 660), /., 
XLII., p. 891. 


Load Tests on a Stiffened Circular Cylin- 
drical Shell (Abstract from L.F.F., Vol. 
14, No. p. B56. 

Testing Bearing Metals Under Dynamic 
Loads (Abstract from Autom. Tech. Zeit., 
Vol. 40, No. 22), p. 47%. 

Tests of a 7x10}-inch Bearing at 3,600 
r.p.m. (Abstract from Trans. A.S.M.E., 
Vol. 60, No. 5), J., XLII., p. 852. 


MATERIALS—WELDING 

Detection of Electric Welding Faults by 

X-Rays (Abstract from Welding Industry, 
April, 1938), J., XLII., p. 568. 

Electrically Welded Joints (Abstract from 
Welding Industry, Sept., 1938, pp. 269- 
75; Metropolitan Tech. News Bulletin, 
No. 626, 16/9/38, p. 5), J., XLII., p. 
1043. 

Electrically Welded Joints (Part III) (Ab- 
stract from Welding Journal, October, 
1938, pp. 317-20; Met. Vickers Tech. 
News Bulletin, No. 631, 21/10/38, p. 7), 
1182. 

Metallography of Welding (Abstract from 
Welding Journal, April, 1938), J., XLIIL., 
p. 749. 

Modern Welding Equipment (Abstract from 
Electrical Engineer, 15/4/38), J., XULII., 
p. 631. 

Resistance Welding Plant for Stainless Steels 
(Abstract from Metropolitan Vickers Tech. 
News Bulletin, No. 620), J., XLII., p. 
854. 

Welding of Silicon Steels (Abstract from 
Welding Journal, September, 1938, Suppl., 
pp. 1-7; Met. Vickers Tech. News Bulletin, 
No. 628, 30/9/38, p. 7), J., XLII., p. 
1131. 
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Enamel Lacquered Wire 
Phillips Tech. Rev., 
XLII., p. 633. 


MATERIALS—WOOD 


Fire Tests on Treated and Untreated Wood 
Partitions (Abstract from Bur. Stan. J. 
Res., Vol. 20, No. 2), J., XLII., p. 478. 

Hot-Pressing Technique for Plywood (Ab- 
stract from Tvans. A.S.M.E., Vol. 60, 
No, 4), p. 241. 

Stability of Plywood Plates (Abstract from 
Aeron. Eng. (U.S.S.R.), No. 9, Sept., 
1987); ALE, p. 185. 


(Abstract from 
Feb., 1988), J., 


MATHEMATICS, see also Materials—Strength 
of. 

On Bi-Partitional Functions (Abstract from 
Phil. Trans. Roy. Soc., Series A, Vol. 237, 
No. 780), J., XLII., p. 859. 

An Electric Mechanical Method for Solving 
Equations (Abstract from R.C.A. Review, 
July, 1938), J., XLII., p. 892. 

Generalised Theorem of Three Moments for 
the Case of Parabolic Lateral Loading, by 
Capt. J. Morris, B.A., J., XLII., p. 159. 

Geometrical Considerations on _ Picard’s 
Method of Iteration (Abstract from 
:, Yo: 19; No: 6); SEM., p: 
242. 

The Graphical Solution of Ordinary Differen- 
tial Equations (Abstract from Phil. Mag., 
Vol. 26, No. 173), J.,. XLII., p. 859. 

Note on the Effect of Rotation on the Fre- 
quencies of Lateral Vibrations of a Rod, 
by J. Morris, B.A., J., XLII., p. 1084. 

On the Notation of Resonance for Non- 


Linear Vibrations (Abstract from 
ZAM Vol. 17; -No..§); J: 
99. 


Mechanical Solutions of Algebraic Equations 
(Abstract from J. Frank. Inst., Vol. 225, 

Note on Approximations to Functions and 
the Solution of Differential Equations 
(Abstract from Phil. Mag., Vol. 25, No. 
170), J., XLIL., pr 634. 

Relaxation and _ Iteration, 
BeAs, 

Solution of Variable Circuits by Matrices 
(Abstract from J. Frank. Inst., Vol. 224, 
No. 6), f., XLII.,. p: 189. 

On Some Plane Boundary Value Problems 
in Theory of Elasticity (Abstract from 
Vo J... p: 
99. 


by J. Morris. 


MEDICAL 


Influence of Aviation Medicine on Aircraft 
Design and Operation (Abstract from 
Aeron. Sct;;. Vol.5, No.5), J., 
p. 480, 
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Physiological Considerations Governing High 
Altitude Flight (Abstract from J. Aeron. 
Sci., Vol. 5, No. 5), J., XLII., p. 479. 

The Special Duties of a Medical Officer 
Attached to a Squadron (Abstract from 
Luftwehr, Vol. 5, No. 8, August, 1938, 
pp. 324-326), J., XLII., p. 1048. 


Water Purification by Ozone (Abstract from 
Electrician, 22/4/38), J., XLII., p. 572. 


METEOROLOGY, see also De-Icing. 


The Determination of the Meteorological 
Conditions of the Atmosphere by the Use 
of Radio Sounding Balloons (Abstract 
from Proc. Roy. Soc., Vol. 167, No. 929, 
5/8/38), J., XLII., p. 891. 

Determination of the Size and Electrical 
Charge of Dust and Fog Particles (Ab- 
stract from Tech: Phys., U:S.S.R., Vol. 
4; No» 7); 102: 

Electricity in Rain. A Discussion of Records 
Obtained at Kew Observatory, 1935-36 
(Abstract from M.O, Geophysical Memoir, 
Noy 75,. 1988), py 

Ice Formation in Clouds in Great Britain 
(Abstract from M.O. Professional Note, 
No: 1987), J. p. 242: 

Long-Range Weather Forecasting (Abstract 
from Nature, Vol. 141, No. 3558), /J., 
p. 187. 

Materials for Artificial Fogs (Abstract from 
Chemisch Weekblad, Vol. 34, No. 4), J., 
ALIT.,. p. 98. 

The Measurement of Sand Storms (Abstract 
from Proc. Roy. Soc., Vol. 167, No. 929, 
5/8/38), J., XLII., p. 892. 

Mechanics of the Atmosphere (Abstract 
from La Science et la Vie, No. 245, Nov., 
1987), J... XLIL., p. 102. 

Method for the Investigation of Upper Air 
Phenomena and its Application to Radio 
Meteorography (Abstract from Bur, Stan. 
Vols 20) No.3), -p: 
571. 

A Method for the Investigation of Upper 
Air Phenomena and its Application to 
Radio Meteorography (Abstract from 
Proc. Inst. Rad. Eng., Vol. 26, No. 10, 
October, 1938, pp. 1235-65), J., XLII., p. 
1135. 

Point Discharge Currents During Thunder- 
storms (Abstract from Phil. Mag., No. 166, 
Jan., 1938), J., XLII., p. 187. 

Progressive Lightning (Abstract from Proc. 
Roy. Soc., Series A, Vol. 166, No. 924), 
jJ., XLII., p. 635. 

Progressive Lightning. IV—The Discharge 
Mechanism (Abstract from Proc. Roy. 


Soc., Series A, Vol. 164, No. 916), J., 
XLII., p. 187. 
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Réle of Meteorology in Gas Attacks (Abstract 


from Meteorologia and Hydrologia, 
U.S.S.R., No. 4, April, 1938), J., XLII., 
p. 735. 

The Thermodynamics of Open Systems 


Applied to the Problem of Rain Produc- 
tion (Abstract from Forschung, Vol. 9, 
No. 5, Sept.-Oct., 1938, p. 260), /., 
XLII., p. 1048. 

Use of Aircraft for the Dispersion of Hail- 
storms (Abstract from Les Ailes, No. 864, 
6/1/38), J., XLII., p. 242. 


MISCELLANEOUS 


Mineral Deposits of Strategic Importance in 
the Countries Bordering on _ Greater 
Germany (Abstract from W.T7.M., Vol. 
42, No. 7), J.. XLII., p. 876. 

The Law of Error and the Combination of 
Observations (Abstract from Phil. Trans. 
Roy. Soc., Vol. 237, No. 287, 14/4/38), 
J... p. -Bd2. 

Aeronautical Consequences of the Berlin- 
Rome ‘‘ Axis’’ (Abstract from Les Ailes, 
No. 864, 6/1/38), J., XLII., p. 234. 


MOORE-BRABAZON, LT.-COL. J. T. C., 
F.R.Ae.S. 


Some Considerations on the Reaction of 
Wind Upon Sails, J., XLII., p. 867. 


MORRIS, CAPTAIN J., B.A. 

The Generalised Theorem of Three Moments 
for the Case of Parabolic Lateral Loading, 
p. 159. 

Relaxation and Iteration, J., XLII., p. 613. 

The Stressing of a Tail Boom System for 
Fin and Rudder Side Loads, J., XLII., 
p. 872. 


MORRIS, J. 
Note on the Effect of Rotation on the Fre- 
quencies of Lateral Vibrations of a Rod, 
jJ.. XLIL., p. 1084. 


OXYGEN APPARATUS, see Aeroplanes. 
PAPER, see Materials—General 


PARACHUTES 
World’s Parachute Record (Delayed Open- 


ing) (Abstract from L’Aeronautique, Vol. 
20, No. 229), J., XLII., p. 840. 


PATENT SPECIFICATIONS 
Abstracts of, J., XLII., p. 247. 
Abstracts of, J., XLII., p. 637. 
Abstracts of, J., XLII., p. 897. 


PHOTOGRAPHY 


Application of Aerial Photogrammetry to 
the Determination of Aircraft Speeds and 
Training in Bomb Dropping (Abstract 
from Report of 4th International Congress 
on Photogrammetry, Paris, 1934), J., 
XLII., p. 475. 
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On the Blocking Layer Photo-electric Effect: 
of Caesium Oxide (Abstract from Phi/ 
Mag., Vol. 25, No. 167), J., XLII., p. 
363. 

Dimensional Changes in Aerial Photographic 
Film and Paper (Abstract from Bur. Stan. 
J. Res., Vol. 19, No. 6), J., XLII., p. 243. 

New Method of Infra-Red Photography 
(Abstract from Phys, Zeit., Vol. 38, No. 
23), J.. XLII., p. 243. 

Non-Shrinking Films for Aerial Photography 
(Abstract from Pub. Sci. et Tech., No. 
116, 1937), J., XLII., p. 362. 

Photographic Sensitivity and the Reciprocity 
Law at Low Temperatures (Abstract from 
Proc. Roy. Soc., Series A, Vol. 168, No. 
933, 25/10/38, pp. 168-75), J., XLII., 


p. 1133. 

Photothermometry (Abstract from Archiv 
fiir Warmewirtschaft, Vol. 19, No. 2), /., 
XLII., p. 363. 


Rapid Method for Obtaining Negatives in 
Aerial Photography (Abstract from Pub. 
Sci. Tech. Ministere de l’Air, No. 79, 
1938), J., XLII., p. 893. 

Seeing the Unseen (Abstract from Mechanical 
Engineering, U.S.A., Vol. 60, No. 3), J., 
XLII., p. 746. 

Stability of the Viscose Type of Ozaphane 
Photographic Film (Abstract from Bur. 
Stan. J. Res., Vol. 21, No. 3, September, 
1938, pp. 347-52), J., XLII., p. 1133. 

Theory of Photolysis of Silver Bromide and 
the Photographic Latent Energy (Abstract 
from Proc. Roy. Soc., Series A, Vol. 164, 
No. 917), J., XLII., p. 363. 


PILOTS AND PILOTING 

Cost of Training for Pilot’s Licence and Cost 
of Practice Flight for Members of the 
N.S.F.K. (National Socialist Flying Corps) 
(Abstract from Luftwissen, Vol. 5, No. 7), 
Sti. 

Ground Training for Instrument Flying (Ab- 
stract from jJ.S.A.E., Vol. 48, No. 4, 
1938, p. 20), J., XLII., p. 1129. 

Training of the Air Force Officer (Abstract 
from Rev. de l’Arm. de l’Air, No. 102), 
jJ., XLII., p. 840. 


PISTONS AND PISTON RINGS, see Engines-- 
Pistons 


PLASTICS, see Materials—Plastics. 


PLEINES, DR.-ING. WILHELM 


Riveting Methods and Riveting in Light 
Metal Aeroplane Construction, J., XLII., 
p. 761. 


RADIATORS, see Aerodynamics. 


RADIO CONTROL OF AIRGRAFT, see Aecro- 
planes—Control, 
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REDSHAW, S. C., Ph.D., M.Sc., Assoc.- 
M.Inst.C.E., A.F.R.Ae.S. 

The Elastic Stability of .a Curved Plate 
under Axial Thrusts, J., XLII., p. 536. 


RELF, ERNEST F., A.R.C.Sc., F.R.Ae.S., 
F.R.S. 

Recent Research on the Improvement of the 
Aerodynamic Characteristics of Aircraft. 
XLIL., p. 518. 

REMOTE CONTROL 

Remote Control with Siemens Equipment 
Employing the Selector Process (Abstract 
from Siemen’s Zeitschrift, August, 1938, 
pp. 402-6; Metropolitan Tech. News 
Bulletin, No. 627, 23/9/38, p. 18), J., 
XLII., p. 1046. 

Thermionic Trigger (Abstract from /. Sei. 
Tnst., Vol..15, No; 1), 245 

REPORTS 

Twenty-Third Annual Report of the National 
Advisory Committee for Aeronautics, 1937 
(Abstract), J., XLII., p. 233. 

RESEARCH 

High-Speed Camera for Propeller Research 
(Abstract from Eng. Absts., No. 76, Oct. 
1937), J., XLII., p. 99. 

New Aircraft Research Apparatus Utilising 
the Scratch Method (Abstract from 

New Single-Cylinder Test Plant of the 
D.V.L. (Abstract from Autom. Tech. 
Zeit., Vol. 40, No. 24), J., XLII., p. 472 

RESISTANCE, see Aerodynamics. 


REVIEWS 

Aero and Auto Engine Facts and Data, by 
H. R. Langman, J., XLII., p. 107. 

Aerodromes. A Research Monograph of the 
Scientific Institute for Air Transport, 
Technical College, Stuttgart, J., XLII., 
p. 1150. 

Aeronautical Glossary (German text), by 
K. Anders and H. Eichelbaum, /., XLII., 
p. 758. 

Aeroplane Design, by E. W. C. Wilkins, 
Aeroplane Stability and Performance Calcu- 
lations with Applications to Flying Prac- 
tice (text in German), by G. Otto, 

191: 

The Air Almanac (A.P. 1602) 1937, J.., 
XLII., ‘p. 107. 

The Aircraft Bench Fitter, by William S. B 
Townsend, J., XLII., p. 106. 

Aircraft Propeller Handbook, by Karl H. 
Falk, J., XLII., p. 1151. 

Aircraft Radio, by D. Hay Surgeoner, J., 
XLII., p. 482. 

Airplane Maintenance, by John H. Younger, 
P. H. D. Allan, F. Bonnalie and Nairne 
Ward, p. 190. 

Air Power (German text), by P. A. Fischer 
von Poturzyn, J., XLII., p. 367. 


Air Rule of the Road and Air Legislation, 
by Lieut.-Commander K. Sinnocks, /., 
MELH.,..p. 192. 

Angewandte Lastannahmen Ueker Groesse 
und Angriff von Luftkraeften an Flug- 
zeugen (German text), by G._ Siegel, 
jJ.. XLII., p. 863. 

Astronomical Navigation Made Easy, by 
G. W. Ferguson, /.,, XLII., p. 574. 

The 1/500,000 Aviation Map of Great 
Britain, J., XLII., p. 572. 

The Chosen Instrument, by Norman Mac- 
millan, J., XLII., p. 574. 

The Clouds Remember, by Leonard Bridge- 
man, jJ., XLII., p. 759. 

The Colouring of Metals (German text), 
by Hugo Krause, J., XLII., p. 108. 

Design and Calculation of Aeroplanes. 
Vol. Il—Fuselages (German text), by 
G. Otto, J., XLII., p. 365. 

Duralumin and its Heat Treatment, by P. 
Litherland Teid, J/., XLII., p. 191. 

Early Birds, by Alfred Instone, J., XLII., 
p. 1151. 

Einfuchrung in die Technische Schwin- 
gungslehre ’’ (German text), by Dr.-Ing. 
Karl Klotter, J., XLII., p. 862. 

Engineering Mechanics. Vol. I—Statics. 
Vol. II—Dynamics, by S. Timoshenko 
and D. N. Young, J., XLII., p. 575. 

Fighting Planes of the World, by Commander 
E.G. Talbot-Booth,. 
p. 368. 

“Flight ’’ Handbook. ~A Guide to Aero- 
nautics, by W. O. Manning, J., XLII., 
p. 862. 

Flugzeug Typenbuch-Handbuch der Deut- 
schen Luftfahrt-Industrie, Publ. by Herm. 
Beyer Verlag, J., XLII., p. 1053. 

Flugzeugwartung I, die Wartung des Trieb- 
werks, J., XLII., p. 1054. 

Fortschritte in Luftfahrt und Flugtechnik, 
by W. Zuerl, J., XLII., p. 1053. 

Free-lance Pilot, by Norman Macmillan, 
107: 

Der Frontflieger, by Baron E. von Loewen- 
stein, J., XLII., p. 920. 

Glossary of Navigation, by J. B. Harbord, 
1150: 

Handbook of Aeronautics, Vol. II, /., 
XLII., p. 289. 

Handbook of Aeronautics, Vol. III, /., 
XLII., p. 757. 

Handbook of Aeronautics, Vol. IV (German 
text), edited by Dr.-Ing. Roland Eisen- 
lohr, J., XLII., p. 365. 

History of Aeronautics. A Selected List of 
References to Material in the New York 
Public Library, compiled by W. B. 
Gamble, J., XLII., p. 365. 

Hughes’ Tables for Sea and Air Navigation, 
J., BEE, 
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Instruction Manual for the Air 
(German text), J., XLII., p. 652. 
Jahrbuch 1937/38 der Deutschen Akademie | 
der Luftfahrtforschung, J., XLII., p. 919. 
Die Knickfestigkeit eines Zeutrisch Gedrueck- | 
ten, gerades Stabes im elastischen und 
unelastischen Bereich, J., XLII., p. 1054. 


Koehler’s Illustrierter Flieger-Kalendar (Ger- 


Force | 


man text), J., XLII., p. 864. 

Leitwerk,’’ Vol. of ‘‘ Entwurf und 
Berechnung von Flugzeugen,’’ G. Otto, 
p. S18. 


. . 
Die Luftwaffe der Gegenwart (German text), | 


by G. W. Feuchter, J., XLII., p. 864. | 

Physik der Luftfahrt (German text), by | 

J. Schnippenkoetter and Th. Weyres, | 

jJ.. XLIL., p. 863. | 

Machine Drawing for Students, by F. J. 

Pace, B.Sc., J., p. 289. 

| 

Martin’s Air Navigation, by C. W. Martin, | 
j., -p. 5738 


The Menace of the Clouds, by Air Commodore 


| 

L. E. O. Charlton, C.B., C.M.G., D.S.O., | 

J., p. 288. 

Metal Aircraft for the Mechanic, by J. | 

Healey, J., XLII., p. 759. 

Metallography, by C. H. Desch, D.Sc., | 
J.. p. 101. 


Muscle Power Flight, by H. G. Schulze and | 
W. Stiasny, J., XLII., p. 759. 
My Life, by Jean Batten, J., XLII., p. 756. 
Notes on Supercharging, by C. E. Jones. | 
Over the North Pole, by George Baidukov, | 


767. 
About Petroleum, by J. C. Crowther, /., 
XLII., p. 756. 


Principles and Practice of Lubrication, by | 
Alfred W. Nash and A. R. Bowey, J., 
XLIT., p. 190. 

Schwimmende Inseln, 
Zwillingsflugzeug, etc. 
by Walter Zuerl, J., XLil., p. 864. | 

Die Seemannschaft in der Luftw Affe (German | 
text), by Captain Th. E. Soennichsen, 
p. O08. 

Royal Air Force and Air Forces of the | 
British Empire Year Book, 1938, compiled | 
by Leonard Bridgman, /., XLII., p. 576. 

The Science of Petroleum. A Comprehensive 
Treatise of the Principles and Practice of | 
the Production, Refining, Transport and | 
Distribution of Mineral Oil (four Volumes) , 


Flughilfsschiffe, 
(German text), | 


J., XLII., p. 366. 
Steels for the User, by R. T. Rolfe, J., 
XLII., p. 106. 


text), by Paul Kettel, J., XLII., p. 652. 
Synoptic and Aeronautical Meteorology, by | 
H. R. Byers, Sc.D., J., XLII., p. 108. | 
Tables for Aircraft Construction (German | 
text), by Joachim Bittner, J., XLII., p. | 


758. | 


Struggle for the Conquest of the Air (German | 
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Teach Yourself to Fly, by Nigel Tangye, 

Timber—Its Structure and Properties, 
2. Desch, ALI, 1449; 

Tradesmanship in Aeronautical Production 


by. 


(German text), by R. Hofmann, /., 
XLII., p. 652. 

Ventilators (German text), by Bruno Eck, 

Das Verschwindfahrwerk (The Retractable 
Undercarriage), by Walter Zuerl, /., 
XLII., p. 1149. 

‘“ Werkstoffkunde fuer den Flugzeug- und 
Motorenbau,’’ by Cl. Boehne, J., XLII, 
p. 919. 

Wireless Direction Finding, by R. Keen, /., 
XLII., p. 1152. 

Women with Wings, by Pauline Gower, 
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RHINES, T. B., F. W. THOMAS AND F. wW. 
CALDWELL 
Practical Airscrew Performance Calculations, 


RICHARDSON, E. G., 8.A., Ph.D., D.Sc. 
Manipulation of the Boundary Layer, 
XLII., p. 816. 


RIVETING, see Materials—Riveting 
RIVETS—RESISTANCE DUE TO, see Aero. 


dynamics. 


| ROCKET PROPULSION 

Flight Analysis of the 

(Abstract from /., Aeron. Sci., Vol. 5, 
No. 5), J., XLII., p. 474. 


ROTORCRAPFT, sce also Helicopters. 
Analytical Comparison of Helicopter and 
Aeroplane in Level Flight (Abstract from 


Sounding Rocket 


J. Aeron. Vol... No. 11, Sept, 
1938, pp. 431-5), J., XLII.. p. 1039. 
Fixed Wing Gyroplanes (Abstract from 
Airc. Eng., Vol. 10, No. 108), J., XLIL., 

p. 233. 

Focke Helicopter (Abstract from Luftwissen, 
Vol. 5, No. 2), J.,. p. 362. 

The Hafner Gyroplane, by Raoul Hafner. 
ops 400. 


Lessons to be Drawn from Natural Flight 
and their Application to the Problem of 


the Hovering Helicopter, with Some 
Remarks on the Helicostat (Abstract from 
Comp. Rend., Vol. 204, No. 19), J. 
XLII., p. 626. 


New Records by the F.W.61 Helicopter 
(Abstract from Flugsport, Vol. 29, No. 
23), J., XLII., p. 90. 


Performance and Control of Rotary Wing 
Aircraft (Abstract from J. Aeron. S¢i., 
Vol. 5, No. 7), J., XLII., p. 741. 

Static Thrust Analysis of the Lifting Airscrew 
(Abstract from N.A.C.A. Tech. Note, No. 
626), J., XLII., 


p. 178. 
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Study of the Torque Equilibrium of an 
“Autogiro’’ Rotor (Abstract from 
N.A.C.A. Report No. 623), J., XLII., p. 
739. 


ROYAL AERONAUTICAL SOCIETY | 


Acknowledgments, XLII, 

Additions to the Library, 1938, J., XLIL., | 
p. 1138. | 

Annual General Meeting, J., XLII, 

Balance Sheet and Accounts, 1937, J. 
(282. 

Branches, J., XLII, p. 278. 

Branch Lectures, J., XLII, p. 275. 

Committees of Council, 1937-38, J., XLII, 
p. 271. 

Council and Officers, 1937-38, J., XLII, 
p. 270. 

Donations, J., XLII, p. 272. 

Council Dinner, J., XLII. 

Endowment Fund, J., XLII, p. 273. 

Elections, J., XLII. 

Examinations, J., XLII. 

Garden Party, J., XLII, p. 274. 

Honours, J., XLII. 

Journal, J., XLII, p. 280. 

Lecture Programme, J., XLII, p. 275. 

Library, J., XLII, p. 273. 

Medals and Awards, J., XLII. 

Membership, J., XLII, p. 272. 

Obituaries, J., XLII. 


Presidents and Vice-Presidents, 1937-38, J., 
XLII, p. 270. 

Presidential Address, J., XLII. 

Public Schools’ Lectures, J., XLII, p. 278. 

Reception, J., XLII, p. 274. 

Representatives of the Society on Other 
Bodies, 1937-38, J., XLII, p. 271. 

Seventy-Third Annual Report of Council, 
1937-38, J., XLII, p. 270. 

Students’ Section, J., XLII, p. 277. 

Summary of Activities, December, 1937, to 
December, 1938, J., XLII. 

Twenty-Sixth Wilbur Wright Memorial 
Lecture, J., XLII. 


RUBBER, see Materials—Rubber. 
SAIL PLANES, see Gliders and Gliding. 


SAILS—SOME CONSIDERATIONS ON THE 
REACTION OF WIND UPON 
Lieut.-Col. J.  Moore-Brabazon, 
AeS., J.,- SLM; p. 867. 


SEAPLANES 

Graphical Determination of the Resistance 
Coefficient and Hydrodynamic Moment 
Acting on a Hydroplane Fitted with Wings 
and Determination of the Test Wing 
Setting (Abstract from L’Aerotecnica, Vol. 
18, No. 1), J., XLII., p. 466. 

Investigation on Landing Impact of Sea- 
planes (Abstract from Scientific Tech. 
Soc. of Shipbuilding and Engineering, 
Vol. 2, 1936), J., XLII., p. 565. 
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Hydrodynamic and Aerodynamic Tests of 
Models of Flcats for Single-Float Seaplanes 
(Abstract from N.A.C.A. Tech. Note, No. 
656), J., XLII., p. 882. 

Tank Tests to Show the Effect of Rivet 
Heads on the Water Performance of a 
Seaplane Float (Abstract from N.A.C.A. 
Tech. Note, No. 657), J., XLII., p. 883. 


SHENSTONE, B. S., A.F.R.Ae.S. 


Some Sailplane Design Data and Information 
from German Sources, J., XLII, p. 701. 


SILENCING, see Acoustics; Engines. 
SLIPSTREAM, see Aeroplanes—Control. 
SMOKE, see Gases. 


| SOUND, sce Acoustics. 
| 
SPARKING PLUGS, see also Electricity and 


Magnetism; Engines. 


STABILITY, see Aeroplanes—Stability; Aero- 
planes—Wings. 


STEEL, sce Materials—Steel. 


STRATOSPHERE 

Engineering Aspects of Commercial High 
Altitude Flying, by Professor J. E. 
Younger, J., XLII., p. 1055. 

Nearing the Stratosphere (Abstract from 
Aer. Sct.; Volk. 5, No. 4),. 
p. 467. 

Structural and Mechanical Problems Involved 
in Pressure (Supercharged) Cabin Design 
(Abstract from J. Aeron. Sci., Vol. 5, 
Noe. 7.5 p. 

Supercharging a Pressure Cabin Aeroplane 
(Abstract from /. Aeron. Sci., Vol. 5, 
No. 5), J., XLII., p. 469: 

The Trend Towards Higher Altitudes in 
Commercial Air Transport (Abstract from 
J... Aeron. Set.,: Voi: No. 
p. 470. 


STRENGTH OF MATERIALS, sce Materials— 
Strength of. 


STRESSING OF A TAIL BOOM SYSTEM 
FOR FIN AND RUDDER SIDE LOADS 
J. Morris, B.A., J., XLII, p. 872. 
SUPERCHARGERS, see [:ngines—Supercharg- 
ing; Engines—Heavy Oil. 
SURVEY—AERIAL 
Aerial Survey in Exploration Work (Abstract 
from J. Inst. Petrol. Tech., Vol. 24, No. 
New 400-Degree Partition (of the Circle) 
(Abstract from Eng. Absts., Vol. 1, No. 
4),. J... 636. 


THOMAS, F. M., F. W. CALDWELL AND 
T. B. RHINES 
Practical Airscrew Performance Calculations, 
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TURBULENCE, see also Fluid Motion; Hydro- 
dynamics. 


VALVES, see Engines. 


VESSEY, H. F., B.Sc., A.F.R.Ae.S. 
The Effect of Wing Loading on the Design 
of Modern Aircraft with Particular Regard 
to the Take-off Problem, J., XLII, p. 369. 


VIBRATION, see Materials; Instruments. 
VIBRATIONS—DAMPING OF, see Materials. 


WARFARE—AERIAL,)  see_ also Balloons; 
Lighting ; Wireless. 

Aerial Attack on a Large Town (Abstract 
from Rev. de l’Armée de l’Air, No. 99, 
October, 1937), J., XLII., p. 93. 

Aerial Combat. The Probability of Hitting 
Target as a Function of the Rate of Fire 
(Abstract from Rev. de l’Arm. de lA, 
No. 100, November, 1937), J., XLII., p. 
178. 

Aerial Warfare in Spain from the Republican 
Point of View (Abstract from L’ Aerophile, 
Vol. 46, No. 3), J., XLII., p. 462. 

Air Attacks on Barcelona (Abstract from 
Les Ailes, No. 881, 5/5/38), J., XLII., 
p. 555. 

Aircraft Armament Research in 1910-1] 
(Abstract from Rev. de l’Arm. de Il’Air, 
No. 105, April, 1938), J., XLII., p. 619. 

Aircraft v. Battleship (Abstract from Rev. 
de VArm. de lAir, No. 102, January, 
1938, pp. 59-66), J., XLII., p. 1033. 

Aircraft and Chemical Warfare (Abstract 
from Chemisch Weekblad, Vol. 34, No. 

Aircraft Reconnaissance at Night (Abstract 
from W.T.M., Vol. 42, No. 3), J., XLII., 
p. 555. 

Air Force on Trial. Lessons of Abyssinia, 
Spain and China (Abstract from L’Air, 
No. 440, 1/3/38), J., XLII., p. 462. 

Air Power and Troop Movement (Abstract 
from Coast Artillery Journal, No. 3, May- 
June, 1938), J., XLII., p. 736. 

Anti-Aircraft Shells Detonated by Light 
Rays (Abstract from Rev. de l’Arm. de 
l’Air, No. 101, December, 1937), /., 
XLII., p. 235. 

Army Co-operation. Light Aircraft v. Auto- 
gyro (Abstract from Rev. de l’Arm. de 
V Air, No. 101, December, 1937), /., 
XLII., p. 235. 

Army Co-operation as the Main Objective 
of the Air Force (Abstract from Rev. de 
VArm, de V’Air, No. 102), J., XLII., p. 
839. 

The Attack on Aerial Bases (Abstract from 
Rev. de l’Arm. de l’Air, June, 1938), J., 
XLII., p. 879. 


Attack on Crops by Means of “‘ Fire Rain ”’ 
(from the Russian) (Abstract from Lu/t- 
wehr, Vol. 4, No. 10/11), J., XLII., p. 
178. 

Balloon Barrages and Atmospheric Elec- 
tricity (Abstract from Luftwehr, Vol. 5, 
No. 2), J., XLI., p. 555. 

Bomb Attacks on Railway Lines and 
Stations (Abstract from Luftwehr, Vol. 5, 

Bombing Operations in the Zone of the 
Interior (Abstract from Coast Artillery 
Journal, No. 3, May-June, 1938), /., 
XLII., p. 736. 

Conditions for the Successful Strategical 
Employment of an Air Force (Abstract 
from Rev. de l’Arm. de Il’Air, August, 
1938), J., XLII., p. 878. 

Co-operation between Tanks and Aircraft 
(Austrian and German Military Opinions) 
(Abstract from Rev. de l’Arm,. de I’ Air, 
No. 101, December, 1937), J., XLII., p. 
235. 

The Defence of Aerial Bases (Abstract from 
Luftwehr, June, 1938), J., XLII., p. 1116. 

The Effect of the Weather on the Spotting 
of Aircraft by Sound Waves (Abstract 
from Luftwehr, Vol. 5, No. 7), J., XLIL., 
p. 877. 

Fighters v. Modern Bombers (Abstract from 
Rev. de l’Arm. de VAir, No. 103, 
February, 1938), J., XLII., p. 621. 

The Fighting Aeroplane. Will Multi-Seater 
Combat Planes Challenge the Flying 
Fortress? (Abstract from Army Ord., Vol. 
19, No. 110, Sept.-Oct., 1938, pp. 79-84), 
p.. 1044, 

Fire Sectors on Aircraft (Abstract from 
Rev. de l’Arm. de l’Air, August, 1938), 
p: 878. 

Forecasts from the War in Spain (Abstract 
from Army Ordnance, Vol. 18, No. 107 
(from the Italian) ), J., XLII., p. 461. 

Formation Flying for Bombers (Abstract 
from Rev. de l’Arm. de lV Air, No. 105, 
April, 1938), J., XLII., p. 618. 

French Views on the Employment of Army 
Co-operation Machines (Abstract from 
Luftwehr, Vol. 5, No. 8, August, 1938, 
pp. 312-313), J., XLII., p. 1035. 

Italian Air Force Manceuvres at Furbara in 
Connection with Hitler’s Visit (Abstract 
from Luftwehr, Vol. L, No. 6), J., XLII. 
p. 841. 

Lessons of the War in Spain. Efficiency of 
Bombing Attacks Approaching from the 
Sea (Abstract from Inter. Avia., No. 558, 
&/7/ 38); 737. 

Lessons from the Spanish Aerial War (Ab- 
stract from Les Ailes, No. 884, 26/5/38), 
618. 
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On the Lessons to be Drawn from the 
Spanish Aerial War (Abstract from 
L’ Aeronautique, Vol. 20, No. 227), J., 
p., 618. 

On the Maximum Error in a Series and the 
Dispersion of a Volley (Abstract from 
Vous 18; No.2), p: 
617. 

Military Application of Light Aeroplanes 
(Abstract from Rev. de l’Arm. de l’Air, 
No. 105, April, 1938), /., XLII., p. 619. 

Military Aspects of Civil Aviation (Abstract 
from Rev. de l’Arm. de l’Air, No. 105, 
April, 1938), J., XLII., p. 619. 

The Mathematics of Air Raid Protection 
(Abstract from Nature, Vol. 142, No. 
$600), J... 1117. 

The Need of Aircraft Observers for Ground 
Artillery (Abstract from Rev. de l’Arm. 
de l’Air, No. 111, October, 1938), /., 
XLII., p. 1118. 

Opinions on the Technical Aspects of the 
Spanish War (Abstract from W.T.M., 
Vol. 42; No. 10), J.,. XLIL, p. 1119. 

Possibilities of Modern Warfare (Abstract 
from Rev. de l’Arm. de l’Air, No. 107, 
June, 1938), J., XLII., p. 737. 

Principles of Aerial Warfare in U.S.S.R. 
I—Light and Heavy Bombers (Abstract 
from Luftwehr, Vol. 5, No. 1), J., XLII., 
p. 347. 

Replacement of Aircraft Material During 
the World War (Abstract from Luftwehr, 
July, 1938), J., XLII., p. 877. 

Spanish Civil War. Franco’s Claims as to 
Losses Inflicted on the Government Air 
Force (Abstract from ‘‘ The Aeroplane,’’ 
Vol. 55, No. 1428, 5/10/38, p. 407), J., 
XLII., p. 1034. 

Training of the Aircraft Observer (Abstract 
from; Rev. de l’Arm. de l’Air, No. 102), 
J., XLII, p. 889. 

What We Have Learnt So Far from the 
Spanish Civil War (Abstract from La 
Science et la Vie, No. 245, November, 
1937), J., XLII., p. 94. 


WELDING, see Materials—Welding. 
WIND INDICATORS, see Aecrodromes. 


WIND TUNNELS 


The Dornier Wind Tunnel (Abstract from 
L.F.F., 20/3/88), J., XLII., p. 879. 


WIRE, see Materials—Wire. 


WIRELESS 


Application of the Phase Integral Method to 
the Analysis of the Diffraction and 
Refraction of Wireless Waves Round the 
Earth (Abstract from Phil. Trans. Roy. 
Soc., Series A, Vol. 237, No. 778), J., 
XLII., p. 857. 


INDEX. XXIX 


Constants of Fixed Antenne on Aircraft 
(Abstract from Proc. Inst. Rad. Eng., 
Vol.26; (No: ALIM., p. 572. 

Detection of Aircraft by Short Wireless 
Waves (Abstract from Rev. de l’Arm. de 
V’Air, No. 104, March, 1938), J., XLII., 
p. 736. 

Development of the Spark Discharge (Ab- 
stract from Proc. Roy. Soc., Series A, 
Vol. 166, No. 924), J., XLII., p. 636. 

Direct Determination of the Electrical 
Constants of Soil at Ultra-High Radio 
Frequency (Abstract from Phil. Mag., 
Vol. 25, No. 170), J., XLII., p. 635. 

Directional Recording of Radio Atmospherics 
(Abstract from J. Inst. Elec. Eng., Vol. 
82, No. 495), J., XLII., p. 480. 

Electrical Interference with Radio Reception 
(Abstract from J. Inst. Elec. Eng., Vol. 
83, No. 501, September, 1938, pp. 345- 
94), J., XLIL., p. 1050. 

Electro-Magnetic Wave Fields Near the 
Earth’s Surface (Abstract from Proc. Inst. 
Radio Engineers, Vol. 25, No. 11), J.. 
XLIL.,. p. 104. 


Experiments on the Propagation of Ultra- 
Short Wireless Waves (Abstract from 
H.F.T., Vol. 52, No. 2, August, 1938, 
pp. 37-44. In course of translation), J., 
XLII., p. 1049. 

Heat Transfer by Radiation and the Calcu- 
lation of Grid Temperatures in Wireless 
Valves (Abstract from Forschung, Vol. 8, 

How Ultra-Short Waves Overcome the 
Curvature of the Earth by Refraction 
(Abstract from H.F.T., Vol. 52, No. 2, 
August, 1938, pp. 44-58, in course of 
translation), J., XLII., p. 1049. 

Minimum Noise Levels Obtained on Short- 
Wave Radio Receiving Systems (Abstract 
from Proc. Inst. Rad. Eng., Vol. 25, No. 
12), p., 188- 

Portable Wireless Stations (Abstract from 
Vol. 42, (No. 2) p: 
554. 

Propagation of Radio Waves Over a Finitely 
Conducting Spherical Earth (Abstract from 
Phil. Mag., No. 171, June, 1938), /., 
XLII., p. 752. 

Radio Emergency Procedure (Abstract from 
Aero Digest, Vol. 32, No. 3), J., XLII., 
p. 481. 

Short-Wave Wireless for Sailplanes (Abstract 
from Luftwissen, Vol. 4, No. 12), J., 
XLII., p. 189. 

Special Maps for Use with Loop Direction- 
Finders (Abstract from J. Aeron. Scei., 
Vol. 5, No. 6), J., XLII., p. 636. 

Stability of Two-Metre Waves (Abstract from 
Proc. Inst. Rad. Eng., Vol. 26, No. 5), 
p. 636. 
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Stability of Two-Metre Waves (Abstract from 
Bell Tele. Pubs., No. B-1077), J., XLII., 
j., XLII., p. 894. 

Some Aspects of Magnetic Recording and its 
Application to Broadcasting (Abstract 
from J. Inst, Elec. Eng., Vol. 82, No. 
495), J., XLII., p. 480. 

The Theory of Diffraction Applied to the 
Propagation of Ultra-Short Wireless Waves 
(Abstract from H.F.T., Vol. 52, No. 2, 
August, 1938, pp. 58-62), J., XLII., p. 


1050. 
Transmission Theory of Plane Electro- 
Magnetic Waves (Abstract from Proc. 


Inst. Radio Engineers, Vol. 25, No. 11), 
J., p. 104. 


WIRELESS—DIRECTION FINDING 


Air Track System of Aircraft Instrument 


Landings (Abstract from /J.A.S.E., Vol. 
43, No. 4, October, 1938, p. 18), J. 
XLII., p. 1128. 

Application of Wireless to Aerial Navigation 
(Abstract from Journal des Telecom- 
munications, Vol. 4, No. 11), J., XLIIL., 
p. 364. 

Experiments with Ultra-High Frequency 
Antenna for Aeroplane Landing Beam 
(Abstract from Proc. Inst. Rad. Eng., 


Vol. 25, No. 12), J., XLII., p. 188. 

An Improved Medium-Wave Adcock Direc: 
tion-Finder (Abstract from J. Inst. Elec. 
Eng., Vol. 81, No. 491), j., XLII., p. 
103. 

The Measurement of the Lateral Deviation 
of Radio Waves by Means of a Spaced 
Loop Direction-Finder (Abstract from 
J. Inst. Elec. Eng., Vol. 83, No. 499), 
j., XLII., p. 858. 

New Principle in Directional Antenna Design 
(Abstract from Proc. Inst. Rad. Eng., 
Vol. 26, No. 3), J., XLII., p. 481. 

Position Finding by Wireless (Abstract from 
L.F.F., Vol. 15, No. 8, 20/8/38, pp. 409- 
425), J., XLII., p. 1134. 

Radio Direction-Finding on Wave-Lengths 
Between Six and Ten Metres (Abstract 
from J. Inst. Elec. Eng., Vol. 83, No. 
499), J., XLII., p. 857. 

Short-Wave Adcock Direction-Finder (Ab- 
stract from J. Inst. Elec. Eng., Vol. 81, 


No. 491), J., XLII, p. 104. 


INDEX. 


The Ultra-Short Wave Guide Ray Beaco: 
and its Application (Abstract from Proc 
Rad..Eng:, Vol. ‘26, No. /., 

p. 246. 

Practical Use of Radio as a Direct Aid to 
the Landing Approach in Condition of 
Low Visibility, by Squadron-Leader R. S 
Blucke, A.F.C., J., XLII, p. 483. 


WIRELESS—TELEVISION 

Direct Viewing Type Cathode Ray Tube to 
Large Television Images (18in. x 24in.) 
(Abstract from R.C.A. Review, Vol. 2, 
No.3), J.,. -p. 481. 

German Television Exhibits at the Paris 
Exhibition (Abstract from La Science et 
la Vie, No. 246, December, 1937), /., 
XLII., p. 105. 

Methods of Two-Way Scanning in Television 
(Abstract from Tech. Phys., U.S.S.R., 
Vol. 4; No. 6),..J.,. p. 104. 

(Abstract 
Vol. 4, No. 9), 


New Television System 
Pech. Phys,,. US.S.R:, 
<p. 189. 

A Unique Method of Modulation for High 
Fidelity Television Transmitters (Abstract 
from Proc. Inst. Rad. Eng., Vol. 26, No. 
8, August, 1938, pp. 946-62), J., XLII., 
p. 1049. 


WOOD, sce Materials—Wood. 


WRIGHT—WILBUR 
Twenty-Sixth Wilbur Wright Memorial 
Lecture, Materials of Aircraft Construc- 
tion, by Dr. H. J. Gough, M.B.E., D.Sc., 


X-RAYS 
Engineering Radiography (Abstract from 


Siemens Revue, Vol. 3, No. 5), J., XLII, 
p. 567. 

X-Ray as an Aid in the Manufacture of 
Aluminium Castings (Abstract from Metro- 
politan Vickers Tech. News Bulletin, No. 
620), J., XLII., p. 854. 


YOUNGER, PROFESSOR J. E. 
Engineering Aspects of Commercial 
Altitude Flying, /., XLII., p. 1055. 
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ROYAL AERONAUTICAL SOCIETY 


With which is incorporated The Institution of Aeronautical Engineers 


MONTHLY NOTICES 
DECEMBER, _ 1938 


Society’s New Premises. 

New premises for the Society have been acquired at No. 4, Hamilton Place, 
W.1. The new premises are at the Piccadilly end of Park Lane, overlooking 
Hamilton Gardens and Hyde Park. It is not expected that they will be ready 
for occupation before March, 1939. Further particulars will be announced as 
soon as possible. 


Christmas Holidays. 


The Offices and Library of the Society will be closed from Friday iar 
December 23rd, until Wednesday morning, December 28th, 1938. 


Journal Price. 


The price of the JournaL, from January Ist, 1939, will be raised to 5/- per copy 
to non-members, or £3 os. od. per annum. 


Council Meeting. 

A meeting of the Council was held in the Offices of the Society on Wednesday, 
November 16th, 1938. 

Present: Mr. A. H. R. Fedden (President) in the chair, Mr. Griffith Brewer 
ace Fee ion), Mr. S. Camm, Mr. W. C. Devereux, Lieut.-Col. W. Lockwood 
Marsh, Dr. N. A. V. Piercy, Professor oa Sutton Pippard, Dr. H. Roxbee 
Cox, Mr. H. E. Wimperis (Past-President). 

Among the business discussed was the following :—Report of the Finance 
Committee ; Report of the Grading Committee; Lecture Programme; Publication 
of Papers in the JournaL; Compilation of a Register of Special Qualifications 

of Members; Conference in 1940; Memorandum on Increased Activities. 


Election of Members. 

Fellow.—Harry Edgar Broadsmith (from Associate Fellow). 

Associate Fellows.—Duncan Cameron (from Student), Eric lan Campbell, 
Ian Bowman Fleming (from Student), Charles Willis Prower (from 
Student), William Frank Hilton (from Student), Ernest Ronald 
Stables, Eric St. John (from Student), Walter Tye (from Student), 
Alan Frederick Walsh (from Graduate). 

Associate Members.—Sydney Allard (from Student), William Read 
Bendall, Charles Thorley Kimber, Ernest Robert Locke, Hugh 
Walker. 

Associates.—Leonard Richard Ambrose, Cyril Hooper Edgecombe, 
Bernard Cecil Frost, Harry Hadfield-Langdon, Ronald Hector 
Longe, Anthony Christopher Loraine (from Student). 

Graduates.—Wilfrid Michael Bentley, Ruben Hadekel (from Student), 
Ralph Marcus Hare, Andrew Keith Hunter (from Student), Douglas 
Ivor Husk (from Student), John Watson Leach (from Student), 
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Frank Isaac Marking, Frederick William Page, Peter Shaw (from 
Companion), Mervyn Millington Waghorn (from Student). 

Companions.—Frederic Greenaway Brown, Arthur Carpmael, Leo 
Frederic Alfred d’Erlanger, Joseph Cleverly Lister, William Mitchell 
Smart. 

Students.—John William George Allen, Edgar Martyn Allies, Frank 
Oxley Baines, Desmond Rene Fitzgerald Barron, John Raymond 
Batty, B. H. M. Buck, John Alexander Fisher, Granville Clifford, 
Michael Marcus Isaiah Erdman, Henry Lafone Greenshields, 
Thomas Day Griffin, Patrick Harry Derek Hands, Owen Lewis 
Hyde, Julius Aloysius Jaeger, Roger Winter Jamieson, Humphrey 
Edwards Jones, Garth Owen Jones, James Kelly, Roy Kendall, 
Harold Arthur Lovell, Harold Luskin, Kenneth Lyon, Peter McGinn, 
Gerald Oke Manning, John Faulknor Pierce, John Gilbert Pippet, 
Elfyn John Richards, Alan Bryce Robertson, Albert Rose, Fayez 
Ebtenago Sahyoun, Donald Henry Shiley, Peter James Smith, 
Donald Lister Soutter, Frederick Vere Kent Sutton, Frederick 
Douglas Ward. 


Elliott Memorial Prize. 

The Elliott Memorial Prize has been awarded to Leading Aircraft Apprentice 
P. N. Sherwood. This prize is awarded twice yearly to the apprentice at Halton 
who has the highest percentage of marks in the passing-out examinations. 


Dugald Clerk Lecture, Institution of Civil Engineers. 


The first Dugald Clerk lecture will be given by W. A. Tookey, M.Inst.C.E., 
on Dugald Clerk and his work in connection with internal combustion engines, 
in the Lecture Hall of the Institution of Civil Engineers, on Wednesday, 
December 14th, 1938, at 6.30 p.m. 

The lecture will particularly appeal to students, and students and graduates 
of the Society are cordially invited by the Institution to attend the meeting. 


Society’s Diary. 

A special pocket diary has been prepared for members. It is bound in limp 
dark blue leather, with the badge of the Society on the cover and contains a 
wallet for notes, stamps and cards. 

The number of these diaries which will be printed is strictly limited. They will 
be ready at the end of November and orders for the diaries should be given now, 
as it will not be possible to repeat them once the limited stock is exhausted. 

The price of the diary is 3s. 6d. post free. Re-fills for last year’s diary will 
be available at 1/- each post free. 


Royal Aero Club Dinners After Lectures. 


As in previous years, the Royal Aero Club are arranging a late dinner for those 
who attend lectures of the Society. These dinners have been fixed at 2s. 6d. 
and members of the Society will be made honorary members of the Royal Acro 
Club for those evenings. It is hoped that as many members of the Society as 
possible will take advantage of the facilities offered by the Royal Aero Club, 
whose address is 119, Piccadilly, W.1. Telephone: Grosvenor 1246-7-8. 


Additions to the Library. 
Schiffe Erobern die Luft, by Heinz Luedecke. Williams and Co., Verlag, 
Potsdam. RM. 4.50. 
How to Become an Air Pilot—Civil Air Guard Edition. Captain R. L. Preston. 
Sampson Low and Marston. 3s. 6d. 
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Modern Developments in Fluid Dynamics. Composed by the Fluid Motion 
Panel of the Aeronautical Research Committee and Others. Edited by 
S. Goldstein. Volumes I and II. Clarendon Press. 50/-. ~ 

Theoretical Hydrodynamics. L. M. Milne-Thomson. Macmillan. 31s. 6d. 

An Air Fighter’s Scrapbook. Sqdn. Ldr. Ivor Jones. 

Air Power in the Next War. J. M. Spaight. Geoffrey Bles. 5/-. 

The World’s Airways. Robert Finch. University of London Press. 5/-. 

The Institution of Mechanical Engineers. Proceedings Volume 139. 

The Institution of Automobile Engineers. Proceedings Volume 32. 

Air Law in the Making. Dr. D. Goedhus. Martinus Nijhoff. Gld. 0.80. 

Independent Springing. F. W. Lanchester and G. H. Lanchester. Re- 
printed from Vol. XXXII of the Proceedings of the Institution of Auto- 
mobile Engineers. 

The Treatment of Problems in Engineering by Dimensional Theory. F. W. 
Lanchester, LL.D., F.R.S. Reprinted from Vol. XXXI of the Pro- 
ceedings of the Institution of Automobile Engineers. 

Elastic Properties of Non-Ferrous Metals and Alloys: Collected Data. J. 
McKeown and E. D. Ward. Issued by the Council of the British Non- 
Ferrous Metals Research Association. 6/-. 

The National Geographic Society—U.S. Army Air Corps Stratosphere Flight 
of 1935 in the Balloon ‘‘ Explorer II.’’ 

A Comparison between the Geostrophic Wind, the Surface Wind, and the 
Upper Winds Derived from Pilot Balloons, at Valentia Observatory, 
County Kerry. L. H. G. Dines. Meteorological Office Professional 
Notes, No. 83. “ 


Forthcoming Events. 

Dec. 1st.—Lecture before the Society by Professor G. T. R. Hill, M.C., 
M.Sc., F.R.Ae.S., on ‘* Flying Controls,’’ at 6.30 p.m., in the Lecture 
Hall of the Institution of Mechanical Engineers, Storey’s Gate, West- 
minster, S.W.1 (by permission of the Council of the Institution). Light 
refreshments will be served from 6 p.m. The chair will be taken by 
Mr. H. Roxbee Cox, Ph.D., D.I.C., B.Sc., F.R.Ae.S. (Member of 
Council). 

Dec. 7th and 8th.—Associate Fellowship and Associate Membership 
Examinations, Imperial College, South Kensington, S.W.7. 

Dec. 7th.—Meeting of Council, at 5.30 p.m. 

Dec. 15th.—Lecture before the Society by Herr A. Lippisch, A.F.R.Ae.S., 
on ‘‘ Some Results from the Deutsche Forschungstalt fiir Segelflug 
Smoke Tunnel,’’ at 6.30 p.m., in the Lecture Hall of the Institution of 
Mechanical Engineers. The chair will be taken by Lord Sempill, A.F.C., 
F.R.Ae.S. (Member of Council). 

1939- 

Jan. 5th.—Lecture before the Society by Miss F. B. Bradfield, M.A., 
A.F-R.Ae.S., and Mr. Ellis;-B:Se:, on 
‘* The Use of Model Data in Aeroplane Design,’’ at 6.30 p.m., in the 
Lecture Hall of the Institution of Mechanical Engineers. 


GRADUATES’ AND STUDENTS’ SECTION. 


Dec. 2nd.—Graduates’ and Students’ Visit to Paris Aero Show. 

Dec. 3rd. Visit to Phillips and Powis, Limited, Reading, at 3 p.m. 
(Limited to 30.) 

Dec. 8th.—Joint Lecture with the Students’ Section of the Institution of 
Automobile Engineers and other bodies at 12, Hobart Place, S.W.1, at 
7 p.m. The lecture will be on ‘‘ Carburation and Induction in Aircraft 
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Engines,’’ by Mr. K. C. Hunt, of the Anglo-American Oil Company, 
Limited. 

Dec. 20th.—Lecture on ‘‘ The Air Mail Scheme,’’ by Mr. Gibson Pattison, 
F.S.S. (Student), at 7 p.m. Refreshments will be served from 6 p.m., 
in the Library at 7, Albemarle Street, W.1. $ 


BRANCHES. 
Isle of Wight Branch. 

Tuesday, Dec. 6th.—Lecture by Captain F. T. Courtney on ‘‘ Flight 
Testing.”’ 

Tuesday, Dec. 2oth.—Debate (subject to be announced later). 

1939. 

Tuesday, Jan. 1roth.—Lecture by H. Mason Garner, M.A., F.R.Ae.S., 

on ‘‘ Research on Seaplanes.’’ 
Lectures are held at 6.30 p.m. in the Lecture Room at Columbine 

Works, Messrs. Saunders-Roe, Cowes. 


Medway (Rochester) Branch. 

Monday, Dec. 5th.—lLecture by Mr. J. G. Hopcraft, A.M.I.Ae.E., on 

Steel and its Manufacture.”’ 
1939- 

Monday, Jan. gth.—Lecture by Mr. W. C. Devereux, F.R.Ae.S., on 

** Light Alloys.’’ 
Lectures are held in the Chatham Co-operative Hall, High 

Street, Chatham, at 7 p.m. 


Portsmouth Branch. 

Thursday, Dec. 8th.—Lecture by Mr. G. H. Dowty, F.R.Ae.S., 
M.I.Ae.E., on ‘‘ Retractable Undercarriages.”’ 

Thursday, Dec. 15th.—Discussional Evening. Three Short Lectures by 
Airspeed personnel. 

1939- 

Thursday Jan. 12th.—Lecture by Mr. B. S. Shenstone, A.F.R.Ae.S., 

on ‘* Recent Progress in German Aircraft.’’ 
Lectures are held in the Airspeed Social Club, Bowler Avenue, 

Copnor, Portsmouth, at 7.30 p.m. 


Weybridge Branch. 


Wednesday, Dec. 14th.—Lecture by Mr. S. Veale on ‘‘ The History of 
Aviation.”’ 
Lectures are held in the Senior Staff Canteen, Vickers’ Works, 
by permission of Vickers (Aviation) Limited, at 6.15 p.m. 


x 


Yeovil Branch (Westland Aircraft Society). 
Thursday, Dec. 15th.—Lecture by W. E. W. Petter, Esq., B.A. (Hon.), 
A.F.R.Ae.S., on ‘‘ The Paris Aero Show.’’ 


1939- 


Thursday, Jan. 12th.—Lecture by Mr. R. H. Bound, A.F.R.Ae.S., on! 


Retractable Undercarriages.”’ 
J. LAvURENOE Pritonarp, Secretary and Editor 
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“  , . . certainly sets a high standard both in matter and 
make-up.’’—"* The Times.”” 


ROYAL AIR FORCE 
QUARTERLY 


(Published Quarterly—January, April, July and 
October.) 


FULLY ILLUSTRATED 


Recognised as the Official Organ of the Royal 
Air Force and Dominion Air Forces, the 
Editor being assisted by an Advisory Com- 
mittee of Air Force Officers. By virtue of 
this fact it carries both distinction and great 
weight. 


Articles on a wide range of subjects of great interest 
and value to all connected with Service or Civil Aviation. 


Its circulation is world-wide and is not con- 
fined to the Services, for it is as popular with 
all sections of aviation as with the general 
Public. 


The Journal is, in the words of a critic, “a 
delightful mixture of Service information, 
entertainment and instruction.” 


Hence its wide appeal ! 


Annual Subscription 20s. (post free) ; 
Single Copy 5s. (per post 5s. 6d.) 


Of all Booksellers or direct from the 
Publishers : 


Wiss) GALE & POLDEN, Lid. 


it ty 


Wellington Works - Aldershot 
tren also at London and Portsmouth. 
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power many of the world’s most 
notable aircraft and were 
chosen for manufacture under 
the “‘Shadow’’ scheme because 
of their proved “‘high perform- 
ance with reliability.” 
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